
ED 325 107

AUTHOR
TITLE

INSTITUTION

SPONS AGENCY
REPORT NO
PUB DATE
CONTRACT
NOTE

AVAILABLE FROM

PUB TYPE

EDRS PRICE
DESCRIPTORS

ABSTRACT

DOCUMENT RESUME

IR 014 710

FranKlin, Sharon, Ed.; Strudler, Neal, Ed.
Computer-Integrated Instruction Inservice Notebook:
Secondary School Science.
International Society for TPchnology in Education,
Eugene, OR.
National Science Foundation, Washington, D.C.
ISBN-0924667-67-2
90

TEI-8550588
283p.; For related documents, see IR 014 708-711. The
accompanying 800K Macintosh disks are not included in
this document.
International Society for Technology in Education,
1787 Agate Street, Eugene, OR 97403-9905 (1-4 copies,
$40.00 each prepaid).
Guides - Classroom Use GUidt: (For Teachers) (052)
-- Guides Non-ClassrocL. Use (055) Book/Product
Reviews (072)

MF01 Plus Postage. PC Not Available from EDRS.
*Computer Assistec Instruction; *Computer Literacy;
Databases; Hypothesis Testing; *Inservice Teacher
Education; Postsecondary Education; Science
Instruction; Secondary Education; xSecondary School
Science; *"econdary School Teachers; Spreadsheets;
tTeachiLg Methods

The purpose of this notebook is to assist educators
who are designing and implementing inservice education programs to
facilitate the effective use of computer integrated instruction (CII)
in schools. It lq divided into the following five sections: (1)
Effective Inservice (a brief summary of inservice literature focused
on inservice dimensions and design principles); (2) Background
Information (an overview of computers in education and a discussion
of the roles of computers in problem solving); (3)

Initiating/Panning an Inservice (suggestions for preliminary
planning and activities and a sample timeline for those activities);
(4) An Eight-Session Science Inservice (2-hour sessions include
hypothesis testing using a computer, searching and sorting databases
to generate and test hypotheses, creating a database for testing
hypotheses, introduction to a spreadsheet, creating a spreadsheet,
using an integrated package to produce a lab report, investigation of
some commercially available science education software, and projects
and closure); and (5) Instruments and Evaluation (a variety of
instruments for needs assessment, formative evaluation, and summative
evaluation). Each 2-hour science inservice session contains some or
all of the following: narrative overview, script (topics, objectives,
materials, activities), timeline, handouts, and rP,":..ngs. References

are listed in the first three sections, and a softwar% bibliography
is Included in the fourth section. (DB)



*

COMPUTERrariHTEONOTED

OHSTAUCTOCY.k1 DHSERVOCE

MCREL:3©©-X SE@OKIBINV
8CMOCA SUENCE

0'4?
TuallE@WEailz

2



About the Project Director

DavidMoursund has been teaching and writing in the field of computers in education since 1963
He is a professor at the University of Oregon in the College of Education. He is the director of

both master's degree and doctorate programs in computers in edmation.

Some of Dr. Moursund's major accomplishments include:
Author, co-author, or editor of more than 20 books and numerous ardcles.
Chairman of the Department of Computer Science, University of Oregon, 1969-1975.
Chairman of the Association for Computing Machinery's Ekmentary and Secondary
Scnool Subcommittee, 1978-1982.
Founder, International Society for Technology in Education, ISTE, 1979.
Chief Executive Officer, ISTE, 1979-1989.
Executive Officer, ISTE, 1989-present.

Editors: Sharon Franklin, Neal Strudler
Cover Design: Percy Franklin
Production: Sue Gorecki, Tamara Kidd

The prices given below are for prepaid orders and do not ir.::lude shipping charges. The shipping
charge on a single copy is $2.85. Criders that are not prepaid will be billed an extra $2.50 for
mvoicing costs. Single copy price of $40 includes a printed copy, a MacWrite disk copy, and a
single-user site license.

Quantity Price
1-4 copies $40.00
5-9 copies $36.00
10+ copies $32.00

We only accept payment in U.S. dollars.

Please place your orders with:

Internadopal Society for Technology in Education
1787 Agate Street

Eugene, Oregon 97403-9905
(503)346-4414

ISBN 0-924667-67-2
© 1988, 1990 International Society for Technology in Education

3



CCAEATTERadErEahaTED
MOTRUCTION OESERVOCE

HarEEC)CAK SE©CAIDAV

8©MOL SCIIEHCE

YEAR "I PROFESSIONAL STAFF**
Seymour Hanfling Graduate Research Assistant
Judi Mathis Graduate Research Assistant
Jim McCauley Graduate Research Assistant
David Moursund Project Director
Dick Rankin Project Evaluator

YEAR 2 PROFESSIONAL STAFF**
Tsukiko Harriman
Vivian Jchnson
Jim McCauley
Elizabeth Viau
Bill Yates
David Moursund
Dick Rankin

Graduate Research Assistant
Graduate Research Assistant
Graduate Research Assistant
Graduate Research Assistant, Fall Term
Graduate Research Assistant
Project D irector
Project Evaluator

YEAR 3 PROFESSIONAL STAFF**
Leslie Conery
Vivian Johnson
Bill Yates
David Moursund
Dick Ranldn

Graduate Research Assistant
Graduate Research Assistant
Graduate Research Assistant
Project Director
Project Evaluator

COPYRIGHT @ 1988, 1990
INTERNATIONAL SOCIETY FOR TECHNOLOGY IN EDUCATION

* The research and development for this Notebook was funded during 1985 1988 by the National
Science FouLdation grant TEl 8550588.

** Not all staff membe' s worked specifically on the science inservices. A number of volunteers
also contributed to thi., project. Lloyd Meskimen made significant contributions to this Science book.

1
CI3 Notebook 0.2 Contents



TABLE OF CONTENTS

Preface
How to Read and Use This Notebook

Section 1: Effective Inservice
1.1 What the Research Literature Says
1.2 The CI3 Model for Effective Inservice

Section 2: Background Information
2.1 Overview of Computers in Education
2.2 Roles of Computers in Problem Solving

Section 3: Initiating/Planning an Inservice
3.1 Preliminary Planning and Activities
3.2 Sample Timeline Outline

Section 4: Eight-Sssion Science Inservice
4.0
4.1

Software Bibliography
Organizing Data
Note: Each of the eight sessions is subdivided into some or all of the
following sections:

Narrative overview
Script
TimeHne
Handouts
Student Materials
Readings

4.2 Session 2: Searching and Sorting Databases to Generate and Test Hypotheses
4.3 Session 3: Creating a Database for Testing Hypotheses
4.4 Session 4: Introduction to Hypothesis Testing Using a Spreadsheet
4.5 Session 5: Creating a Spreadsheet
4.6 Session 6: Integration SS, DB, WP
4.7 Session 7: Commercial Software
4.8 Session 8: Projects and Closure

Section 5: Instruments and Evaluation
5.1 Evaluation Overview
5.2 Evaluation Forms
5.3 Long Term Evaluation

c,) CI3 Notebook 0.2 Contents



Ir rw aftrnCriAto=
The purpose of this notebook is to assist educators who are designing and implementing

1nservice education programs to facilitate the effective use of Computer-Integrated Instruction (CII)
in schools. CII involves the use of the computer as a problem solving tool. CII includes the use of
applications such as databases, graphics, spreadsheets, telecommunications, and word processors,
these are generic applications in the sense that they can be used in many different subject areas and
grade levels. CII also includes use of special purpose software designed to help solve the problems
occurring in spc-ific courses or disciplines.

This notebook was prepared by the staff of NSF Project TEl 8550588, which received three
years of funding beginnilig September 1985. It is one of four notebooks to be prepared that
include:

CI3 Notebook for Elementary School
CI3 Notebook for Secondary School Mathematics
CI3 Notebook for Secondary School Science
CI3 Notebook for Secondary School Social Science

The problem addressed by this NSF Research and I:evelopment Project is the disparity
between the overall capabilities and potentials of CII anc the current implementation levels of CII in
our schools. There is strong support from computer-knowledgeable educational leaders for
increased use of CII.

Growth in appropriate use of CII depends on schools having:

1. Access to appropriate hardware.
2. Access to appropriate software.
3. Access to appropriate curriculum and instructional support materials.
4. Appropriately trained teachers and school administrators who support increased use of CII.

The cost of computer hardware continues to decline even as its capabilities continue to increase.
The amount of computer hardware available for instructional purposes is now sufficient to have a
significant impact on schools. Moreover, hardware availability is continues to grow very rapidly.
This project assumes that the problem of hardware access will gradually diminish; thus, Ls project
does not focus on the hardware problem.

The quantity of educational software is continuing to grow, while the average quality continues
to improve. A 1986 estimate suggested that there were about 10,000 educationally oriented,
software programs for microcomputers commercially available. The Educational Software Selector,
published by EPIE, lists nearly 8,000 titles. The amount and quality of CII software now available
is adequate to support extensive use of CII in schools and to have a major impact on school
curriculum. The educational market is large enough to support a viable, competitive industry with
many companies participating.

This project does not focus on the overall problem of educational software. However, each
Noicbook contains information about a number of pieces of educational software. To the extent
possible, the focus is on currently available generic CII software. In cases where more specific
pieces of CII software are discussed, they were selected because they are readily available, and are
apt to remain so for some years to come, and because they fit the specific instructional needs of the
authors of these notebooks.

Instructional support materials include textbooks, workbooks, and reference materials, films,
filmstrips, and video tapes; and course goals, course outlines, and teacher support materials.
Although there is a substantial amount of instructional support material for lean.L.g/teaching about
computers (teaching computer literacy, computer programming, and computer science), the amount

0
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of instructional support materials for CII is still quite limited. This project includes the development
of a modest amount of CH teacher support materials; a number of sample lesson plans have been
developed and are included in the notebooks, for example. It is not, however, a major goal of this
project to develop CH instructional support materials.

The NSF Research and Development project focuses on the development of effective methods
for the inservice education of educators interested in CH. The materials contained in the notebooks
are intended for computer education leaders who are designing and implementing CH inservice
education workshops and courses. Each notebook co,itains a detailed outline of an eight-session
workshop along with support materials. A number of "Copy Me" pages are included for
dissemination in an inservice workshop or course.

It is recognized that designers and deliverers of inservice education vary widely in their
experience, computer background, ark: academic area of specialization. With this in mind, two
general methods are envisioned for using the materials in these notebooks. First, an inservice
provider might rely heavily on a particular notebook, following it closely in giving a sequence of
workshops or a course. Second, an inservice provider might use these notebook materials to get
ideas and to serve as resources in designing and presenting CH instruction to educators. In either
case it is expected that the inservice provider will benefit from use of the notebook materials and
will learn some new ideas about effective inservice and CH.

This notebook presents a particular philosophy of inservice education. It is a process-oriented
philosophy, as distinguished from a content oriented philosophy. Thus, an inservice education
program based on this Notebook will look quite different from the traditional computer-oriented
inservices that have been widely presented in recent years. The resulting inservices are fun to lead
and fun to participate in. They are an effective way to encourage the increased and appropriate use
of computer-integrated instruction in schools.
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How to Re id and Use This Notebook
The purchaser of a single copy of this Notebook receives a print copy, a copy in MacWrite

format on 800K Macintosh disks, a Microsoft Works (Version 1.0) Data disk, and a single user
site license.

The single user site license gives the one person who is designated
as the "Primary User" of the site license the right to make copies of all
of the materials in this book for classes he or she teaches. If the single
user site license is purchased by a school or school district, the intent
is that one person be designated as the "Primary User." If several
people are to teach using this book, a multiuser site license should be
purchased. The right to copy materials from the book does not transfer
to participants in classes taught by the "Primary User."

Information about purchasing a multiuser site license can be obtained from the publisher, the
International Society for Technology in Education, 1787 Agate Street, Eugene, Oiegon 97403.

The disk copy is organized into folders, sub folders, and individual files in a systematic and
relatively logical fashion. At the bottom of each page of the print copy there is information that will
help you locate the appropriate file on disk. The typical footer consists of three parts:

Brief title of the book: CI3 Notebook
File name: This is explained in more detail below.
Page number within the specific file: Each file is numbered sequentially starting at page 1.

The name of an individual file is two or three digits, separated by periods, and a brief title. You
will notice that the name of the file you are currently reading is 0.4 Read and Use. The first digit of
the sequence is a folder number. This file is in folder number 0. The second digit refers to a
particular file within the folder unless there is a third digit. If there is a third digit, the second digit
refers to a subfolder number, and the thinl digit to a file within that subfolder.

This notebook contains a great deal of information to aid you in conducting an effective
inservice for integrating computers into the curriculum. Most readers will want to skip around in the
material, rather than reading it from cover to cover. This section is a guide to help such readers by
presenting a brief summary cf each section and how and when to use it.

Section 1: Effective Inservice
Substantial literature exists on effective inservice. This section of the NoteOok contains a brief

summary of the effective inservice literati= followed by a discussion of the CIi model for the
inservices designed for this NSF project. We recommend that you read all of this section.

Section 2: Background Information
The first part of this section is a general overview of computers in education. It might be used

as a handout at an inservice for educators who have not hat-1 previous coursework or extended
workshops on computer uses in schools.

CI3 Notebook 0.4 Read and Use Page 1



The second part of this section discusses the raes of computers in problem solving. This is
essential background infor nation for all inservice presenters. It can also be used as a handout for
workshop participants.

Section 3: Initiating/PIanning an Inservice
This section offers a few suggestions to consider when beginning to plan ar inservice. Novice

inservice organizers will want to read this section.

Section 4: An Eight-Session Science Inservice
The inservice described in this Notebook is eight sessions of two hours each. Although the

information included can be presented in eight session, there is enorgh material for nearly 16
sessions if desired. We saggest that you carefully read through the materials for the first session
to get the general idea of the information presented.

Session I: Hypothesis Testing Using a Computer. The session will illustrate how
organizing data and electronic graphing of data can help students generate hypotheses and confirm
or deny hypotheses. The nrin focus of the inservice sessions is on the use of computers in hypoth-
esis testing and problem solving in science. The first session provides a basic introduction to use of
a powerful microcomputer with a relatively sophisticated piece of software, Microsoft Works.

Session 2: Searching and Sorting Databases to Generate and Test Hypotheses.
Using Microsoft Works we will modify a database to answer questions. The issue of when and
how to use a database in the science classroom will be addressed. As in all hands-on sessions, there
is more emphasis on when and why to use a computer than on specific details of the key presses
ne.:ded to use a particular piece of software. Participants are expected to gain skill in actually using
the computer through their computer use outside of the inservice sessions.

Session 3: Creating a Database for Testing Hypotheses. This session will illustrate how
to create a database file using Microsoft Works. The ability to create a database opens a wide range
of possibilities for intt grating the computer into the science curriculum. Information on creating a
database using AppleWorks will also be provided.

Session 4: Introduction to a Spreadsheet. Using Microsoft Works we will become familiar
with the components and structure of a spreadsheet. Activities will demonstrate how to graph data
from a spreadsheet.

Session 5: Creating a Spreadsheet. This session will illustate how to create a spreadsheet
using Microsoft Works.We will explore the use of a spreadsheet as a teacher and student tool.
The advantages and disadvantages of using a spreadsheet as a "black box" utility will be discussed.

Session 6: Using an Integrated Package to Produce a Lab Report. This session will
demonstrate how an integrated software package combines the applications discussed in the
previous sessions: database, spreadsheet, and electronic graphing. A laboratory report will be
constructed using information from data bases and spreadsheets.

Session 71 Investigation of Some Commercially Available Science Education
Software. This session is divided into two parts: 1) the demonstration and evaluation of some
commercially available databases and/or other science education software; and 2) a demonstration
of using the computer as a data collection device (use of probeware). Note: The latter topic may be
dropped in order to spend more tine on the former topic.

,9
CI. Notebook 0.4 Read and Use Page 2

o



Session 8: Project .rad Closure. School administrators from the participant's schools will be
attending. Other higher level school district administrators and the district cernputer c xrdinator will
also be invited. During the last session, teams of participants will present thdr final projects. Each
project presentation will be a maximum of 10 minutes. It is important that these presentations be
carefully rrepared and accompanied by appropriate handouts. Following each project presentation,
the project team will initiate a brief discussion (approximately five to ten minutes) between
admnListrators and project participants. The theme of the discussion is what administrators can do
to help teachers integrate computers into the science curriculum.

Section 5: Instruments and Evaluation
The NSF project used a variety of instruments for needs assessment, formative evaluation, and

summative evaluation. Copies of these instruments and a discussion of some of the results are
included in Section 5. The NSF project inservices placed considerable emphasis on formative
evaluation, and we recommend that workshop leaders do likewise. Such an emphasis will help
workshop leaders adjust their presentations to meet the needs of participants.

Readers are also encouraged to study Seymour Hanfling's doctorate dissertation, which was
completed in the fall of 1987. Hanring's work focused on formative evaluation of the NSF project.
His dissertation was directed by Dick Rankin (thz project evaluator) and Robert Sylwester. It
provides substantial information abut the effectiveness of the project during its first year.
Additional detailed information on the long term effects of the project are discussed in Vivian
Johnson's doctorate dissertation cc:mpleted in summer 1988 under the direction of Dick Ranldn and
Dave Moursund.
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rEfFinC7 IV2 INSMERVICIE

1.1
What the Research Literature Says

Change is difficult. It is difficult ts, .rnagine, difficult to plan for, difficult to implement, difficult
to manage, and difficult to measure. Fullan (1982) states that, in the educational context, "change
involves 'change in practice" (p. 30) and he demonstrates several difficulties. For one, change is
multidimensional, new materials, new teaching approaches, and alteration of beliefs must 1,
considered.

Inservice training is a major tool in the implementation of educational change. In reporting a
reseatch-based model for such training, (Gall & Renchler 1985), the authors state, "No one yet
pretends to have discovered all the elements that make staff development programs completely
successful" (p. 1). One reason for this is the difficulty in designing studies that can "tease out" the
effective practices from the backgrowd noise of incidental and uncontrolled effects. The most
reliable measure of effectivenesschangc in student behaV ris several steps removed f:om the
major actions of most staff development programs. Joyce and Showers (1983) describe a model
involving classroonFlevel coaching that promises to take the training all the way to the level of
obsen ation of actual classroom practice, but such designs are rattly implemented due to limitations
of time and funding.

Because change takes time and is best viewed as an ongoing process, the internal state cc the
learnersin this case, teachers themselvesis an important consideration. Hall (1982) shov.ed that
it is desirable to match inservice to current levels of concern of the individual participants. Further-
more, continued tracking of the evolution of their level of concern can function as a diagnostic tool
for modifying the content of training "on the fly," should modifications be necessary.

The literature on inservice designs that are specific to computer education is sparse. Gabel
(1984) reviews the work of Isaacson (1980), Winner (1982), and Ferres (1983), and finds, that
their essentially descriptive studies do not speak to the issue of effectiveness, out instead
concentrate on the mechanics of developing an.: presenting special purpose inservice training.
Gabel's own work concluded that the model suggested by Gall :Ind Renchler (1985) was a valid
and useful framework for organizing computer education inservice.

In this section, the categories for the dimensions of inservice follow those outlined by Gall and
Renchler (1985) and are divided into live categories, content and organization, delivery system,
organizational context, governance, and evaluation.

Inservice Dimensions

Content and Organization. The realm of the planning, development, delivery, and follow-
up of actual training sessions is below the level of more global concerns such as the environment in
which inservice is provided, the pals and standards of the institution whose teachers are being edu
cated, or the measures by which tne inservice plogram is to be evaluated. Of course, these global
issues have great impact on the training be delivered. For example, the environment may deter-
mire the resources, timing, extent and uepth of the program. The goals and standards of the institu
tion (e.g., a school district) should .trongly influence (if not actually determine) the content of the
program. The measures of evalu.ttion may direct the attention of the trainers to emphasize more
closely monituied dements of the program at the expense of other elements less emphasized by the
evaluation instruments.

1 1
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Nevertheless, the, actual conduct of an inservice may be separated from these other concerns,
and a large body of literature (accompanied by a much smaller body of research) is available for
inspection. The predominant feature of the literature is that it is generally based upon common
practice, rather than upon actual research. In fact, the management and evaluation cf inservice
training is more thoroughly researched than the conduct of inservice.

Gall and Renchter (1985) identifie1 the dimensions of methods of delivering an inservice:

1. Readiness activities. What acdons are taken prior to the conduct of training to raise teadier
awareness of the import_nce of the inservice program? How are school leaders prepared for
their roles in the training? What participant information is gathered before the program
begins?

2. Instructional process. What traininb methods will be used to help teachers acquire the target
knowledge and skills?

3. Maintenance and monitoring. What provisions are made to observe and measure the actual
level of application of the content of the training to classroom practice?

4. Training site. Is the training best carried out at the scnoo! site, or is another location more
appropriate?

5 Trainers. What trainer characteristics may impact the effectiveness of the training program?

6. Scheduling. What durafion, spacing, and timing should the training program have?

Competently designed inservice trai.iing programs will address each of these dimensions. The
mual practice of trainers is to give great attention to the instruc,:onal process, scheduling and their
own preparation.

An additional questk .1 to te addressed might considerany practical distinctions that exist among
different types of learners. Are adults in general (and teachers in particular) sufficiently different
from other learners that exceptions or refinements must be made to the welkesearched principles of
learning? (see Gagnd, 1977) Although the most general of these learning principles remain intact,
researchers snch as Knowles (1978) have determined that adult learners are sufficiently different
from children as to merit distinct consideration. Among the important features of adult learners cited
in Knowles' work are that:

1. Adults learn by doing; they want to be involved. Mere demonstration is usually
insufficient. Practice and even coaching are highly desirable.

2. Problems and examples must be realistic and relevant to them as adults.

3. Adults relate their learning very strongly to what they already know. They tend to have a
lower tolerance for ambiguity than children, so explicit attachment of new knowledge to
their existing base is a paramount necessity.

4. Adults tend to prefer informal learning environments, which are less likely to produce
tension and anxiety.

5 Changes in pace and instructional method tend to keep the interest of the adult learner high.

6. Unless the conditions of training absolutely require it, a grading system should be avoided.
Checklists of criteria met in the course of training, for example, are Ie.!. 1.1inlidating than
the assignment of grades.

C12 Notebook 1.1 Research Literature Page 2



7. The instructor should frame his or her role as that of a facilitator of learning rather than 2s a
font of l-nowledge or expertise. This guarantees that participants will find the trainer
approachable, an absolute precondition of communication between adult learner and
teacher.

It is obvious that these adult learner characteristics are of great concern to the teaching of adults
and they should govern several aspects of the preparation, delivery, and follow-up. The impact of
these elements of training is discussed below in summary with lessons learned from other sources.

In a study of the impact of inservice on basic skills instruction, Gall et al. (1982) identified a
number of deficiencies in the ordinary conduct of inservice:

1. Programs tended to be focused on the professional goals of individual teachers rather than
on the improvement of the school instructional program. Teachers goals and school needs
are not always in consonance.

2. One-shot training or short sessions failed to show impact on the school's instructional
program.

3. Although the inservice programs were sponsored and financed by districts or schools, the
general plan and learning activities of the training were based on goals and objectives that
had little or no demonstrable connection to those of the school or district.

4. Programs were very rarely assessed on the basis of actual improvement of student
performance.

5. Most inservice programs lacked several of the following desirable features: readiness
activities, a meeting, follow-up activities, and in-classroom observations to identify
changes in teacher behavior that might be attributed to the inservice training.

These researchers jud..0 chat programs exhibiting such deficiencies will have little impact on
teacher practice or student performance.

Much of the work of Joyce and Showers (1983) centers on governance issues, but they also
have critical points to make concerning the conduct of inservice:

1. Tiaining may be considered to be comnosed of levels of involvement: lecture,
demonstration, practice in the trainin, ..ironment, pracfice in the target environmmt, and
coaching in the target environment.

2. Generally, lecture and demonstratk have little impact in terms of changing teacher
behavior.

3. Practice (following lecture and demonstration) contributes greatly to change in teacher
behavior.

4. Coaching (following lecture, demonstration, and practice) not only contributes further to
change, but also creates opportunities for dissemination of an innovation or desired practice
throughout the unit (e.g., department, school, or school district) in which change is
desired. One of the most promising of these opportunities is peer coaching.

Echoing elements of both Knowles (1978) and Joyce and Showers (1983) are some of the
findings of the Florida State Department of Education (1974):

I. Inservice program that place the teacher in an active role are more likely to accemplish
their objectives inan those which place the teacher in a receptive role.

A
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2. Programs that emphasize demonstration, supervised trials and fixdback are more
successful than those that simply present new ideas or materials to teachers without
opportunities for practice.

3. Pmgrams in which teachers share and provide mutual assistance to each another are more
likely to succeed than those that fail to encourage interaction during and after training.

4. Self-initiated and self-directed training activities (although seldom used in inservice
education programs) are associated with successful accomplishment of program goals.

The literature offers many similar indicators of success or effecti veness in inservice conduct.
Tiny are briefly summarized as follows:

1. The content of inservice education programs should be directly and immediately linked to
the goals of the agency sponsoring the training.

2. The characteristics of teachers as adult learners should be taken into account when inservice
education activities are designed. In particulat, the activities should be relevant to them as
adults, new knowledge should be explicitly connected to previous knowledge, an air of
informality should predominate, grading systems should be avoided, and the trainer should
act as a facilitator.

3. Designs that feature multisession contact and development of an ongoing relationship
between trainer and teacher is prefemd over one-shot designs.

4. If possible, the training should include not only presentation of information and
demonstration of new methods and sidlls, but also supervised practice and coaching.

Organizational Context. When referring to the organizational context in which inservice
education occurs, Gall and Renchler (1985) echo the "modal systems" of Joyce and Showers
(1983). While Gall and Rencitler recognize the five modes idendfied by Joyce and his colleagues,
they prefer to think of these modes as representing different functions of inservice education and go
on to identify four such purposes: (a) inservice for personal professional development; (0) inservice
for credentialling; (c) inservice for the purpose of induction into the profession; and (d) inservice for
school improvement.

"Inservice for school improvement" speaks directly to the school as an organization.
Operationally, one can define the ortanizational context as those organizational eleme..ts of the
school that directly influence the success of inservice education. But organizational context also
implies a series of interrelated components that work in relative harmony. To divorce any one
component from the whole distorts our perception of and reaction to that element. Just as our
perception of our environment is continuous, so the school must be viewed holistically as a
continuous, dynamic collection of interlacing and interactive parts.

A meta-analysis done by Lawrence and Harrison (1980) concludes that the most effective
inservice programs address the school as a unl Their research supports the contention that
inservice is most effective when the emphasis is on global goals rather than personal development.

These fmdings are consistent with the observation of noted anthropologist Edward T. Hall
(1981) about the essential nature of the context of expression and action. He states that context
determines everything about the nature of the communication and predicates further behavior. A
focus on school improvement places the "situational dialect" of the teacher professional life of the
teacher within the larger frame of the school as a complete unit. This broad focus of shared goals
gives a context of discussion in harmony with the larger organizational context. A somewhat
different but complementary observation is made by Pitken (1972) when she examines the question
of social membership. She notes that with respect to learned or cultural norms, the wholeness and
uniformity of our society is determined by the acquisition of like patterns by people exposed to
them. These views lead again to the conclusion that the more consonant the goals are with the

1 4
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school, the more consistent will be the patterns of compatibility between the behavior elicited and
those expressed by the administration and support staff. In essence, the new behaviors or activities
must mirror the intentionality of the school as a unit.

If we place the goals of the inservice within the larger framework of the school enviionment and
provide a collegial support structure, chances of institutionalizing any changes are improved. In a
fundamental sense, the organizational context provides the ecological gestalt of action &id
interaction. Compatibility between the objectives of the inservice and those of the school is essential
if changes are to bt, made a part of the taken-for-granted background of the teacher, administrators,
and support staff in their daily activities.

Holly (cited in Gall & Renchler, 1985) surveyed 110 teachers and found a general preference
for activities that allowed them to work with other teachers. Nga!vaye (cited in Gall & Renchler,
1985) found that teachers preferred to work with teachers who had similar educational duties.
Domain-specific knowledge as defmed by Doyle (1983) consists of an explicit semantic network of
relevant information and identified methods or strategies for applying that information. Although
Doyle was addressing academic content, it seems clear that the same theme can be applied
effectively in inset-% ice education. Thus, not only does educational research support the need eor
teachers to work with teachers, but it supports a more specific domain of discourse in which they
share their goals and concerns with teachers in their own or similar subject areas. In a collegial
environment made up of their Ners, teachers can relate common concerns and share methods or
strategies central to their needs as educators (U.S. Department of Education, 1986). Furthermore,
teachers with similar instructional assignments can share materials, tools, and new methods of
instruction.

Unfortunately, there appears to be no research examining the relative effectiveness of variations
in teacher inservice groupings as defined by Gall and Renchler (1985). Wade (1985), however,
does indicate in her meta-analysis that participation by both secondary and primary school teachers
is more effective than either group working alone.

In an organizational context, the school principal as an instructional leader plays a major
influential role. Research by Lauchs and Pratt (cited in Gall & Renchler :985) indicates that the role
taken by the principal in the implementation efforts of a program is essential to the success of the
project. Leithwood and Montgomery (cited in Gall & Renchler 1985) have shown that an effective
principal will participate in at least part of the inservice workshops attended by the staff. Firally, the
Rand study (cited in Gall & Renchler 1985) suggests that without the approval of the principal,
teachers generally will not implement a new curriculum or process.

As noted above, the school is a dynamic but loosely coupled organization. This loose coupling
requires a mediating force that lends a coherence to its structure. Thus, the principal seems to act as
a lens to keep school goals clearly in focus and as a guide to keep teachers on track with district
objectives (U.S. Department of Education, 1986).

Governance. The issue of governance frames the larger context of school as a functioning
unit. Operationally we can define governance as that organizational process of decision making that
determines school policy and directs school resources. The governance of inservice education
specifically addresses concerns about the way an inservice will be designed and offered to the
district staff. The study by Mertens (1982) clearly shows that the view of the teacher as a
professional must pervade the district; when teachers are vitwed as professicnals, inservice projects
are more successful than when teachers are viewed merely as functionaries. All projects and or
policy decisions need to be approached in this light.

There appears to be no research on the most effective infrastructure for carrying out the process
of governance at the district level. However, there is ample research to indicate that this process
must take into account teacher concerns and expectations. Many researchers indicate that the teacher
must be given the opportunity to be part of the planning. If teachf.trs are not con.; thed, the results
can be disastrous. Wolcott (1977) documented a carefully planned e.Lort fo: educasional change in a
school district in Oregon. This mammoth seven year plan involving several hundred thousand
dollars, vast district resources, and uncounted hundreds of hours for both planners and teachers
failed. Its primary failure was that it did not take into account the needs of the educator. It was
conceived as a "top-down" approach and implemented as such.

:
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Wolcott reaffirms the importance of teacher participation in the planning prueess. What
clear is how mu:h control teachers should have over the inservice content. On one side is the w.irk
of Schurr (cited in Gall & Renchler, 1985), where it is shown that teachers desire input into the
planning process; on the other side is the work of Wade (1985) that indicates inservice sessions
were gauged as "less successful" if participants were regarded as the major contributors to the
process. Indeed, her meta-analysis shows that inservice sessions are more effective if the leadet
assumes the role of "giver of information" and teachers as "receivers of information." Clearly, a
balance seems necessary. It is important to asce-ta_i the needs of teachers so that inservice sessions
ean be directed specifically to their needs. On the other hand, the integrity of the inservice content
must be maintained, with policy anu planning decisions attempting ul mike a balance between
teacher input and district needs.

Another issue of governance is the recruitr_tent of participants. Motivation h.., attend insei vices
can be subtly but definitely enhanced if the mearen outlined in this section is taken into ar. count. A
feeling of personal connecdon with le concerns of the inservice is also important. Moursund
(1988) suggests that ownership in a problem-solving process is critical. Inservice by definition is a
form of problem solving. If parficipants can feel a sense of ownership of the content of the
inservice, they will want to attend and take seriously the purposes of the project.

Wade (1985) confitms the need to have a sense of ownership, poindng out that inservice is
more successful when the teachers are given .,pecial recognition for their involvement. But she
further reports that projects are more successful if teachers are either designated to attend or selected
on a competitive basis. Clearly, the research confirms the need of teachers to be a willing part of the
process, but it also indicates that directing teachers to attend is not predictive of failure. Obviously,
this is a complex inue: How teachers are directed to attend is important, the content and relevance
of the inservice is important; the organizational context is important; and the way the issue of
governance bas een handled in the school is historically important.

Other incentives for attending inservices described by Betz (cited in Gall & Renchler, 1985) are
release time, expenses, and college credit. Administrators, however, can take heart in Wade's
(1985) finding that almost any inservice can make a difference. She reports that inservice of any
kind, on the average, resulted in half a standard deviation greater positive change than eontrol
groups. This is a clear indication that inservice education can influence the quality of the education.

In summary, effective inservice must take into account the school organizational context and its
governance policies. It appears that the more the inservice speaks to the unifying goals of the
school, the more effective will be the results.

Evaluation. As stated in Gall and Renchler (1985): "The evaluation of inservice programs is
not a well-developed field," and "... systematic evaluation of inservice programs is the exception
rather than the rule" (p. 30). In an effort to bring some order to tie field, Gall and his colleagues
(1976) attempted to define the different levels at which inservice training might have effects. They
defined four levels:

Level I: Implementation of the inservice program. (Measures of the quality of the training
itself.)

Level II: Teacher improvement. (Measures of actual change in teacher behavior in the
classroom.)

Level III: Change in student performance. (Measures of the degree to which improvements in
teacher performance lead to improvements in student achievement.)

Level IV: Changes in the environment. (Measures of changes in the school that may be
indirect [or even unintended] results of the inservice program.)

The further away we get from measuring the direct delivery of training, the less certain we can
be that change: in Levels II, Di, and IV are actually attributable to the training program. Other
factors, unpredicted and unmeasured, may have greater impact than training.

1 6

CI3 Notebook 1.1 Research Literature Page 6



At Level I, the elements mentioned previously in the Content and Delivery System section
(readiness activities, instructional process, maintenance and monitoring, training site, trainers, and
schedul....g) should be measured directly. In addition, some quantification of the degee of relevance
of the program to teachers' perceived and actual needs should be attempted.

At Level If, the best measures are those of increase.1 teacher competence. If the program is of
nov.: content (as a computer inservice might well be), conventional measurements might have to be
supplemented with new ones that reflect the content of the training. Observational measures of
actual classioom practice are the preferred instruments.

At Level III, measures of student achievement are appropriate. Because this level is rather far
removed from the trainin; it may be difficult to attribute changes in student behavior directly to
actual inservice practices.

At Lkvel IV, we hesitate to suggest methods of measurement. Although instruments can be
created to measure school clunatc and levels of intercommunication among the staff (Joyce, Hersch,
& McKibbin, 1983), it is peril as to presume explicit connections between an inservice program
and a change in the school environment.

Conclusion

To narrow the scope of the literature on effective inservice, thi., review concentrates on literature
dealing with the actual ..onduct of inservice.

The five dimensions of inseriice (i.e., content, delivery system, organizational couent,
governance, and evaluation [Gali & Renchler, 1985]) were used to examine the literature. The
predominant feature of the literature is its bases in common practice, rather than on actual research.
Literature specifi-ally related to implementing changes in educational computing is extremely
limited. The literature that exists concentrates on the delivery system aspect of Gall's classification.

Qirrently, staff development is the major tool for implementing educational change. Reviewing
the literature confirmed our intaitiv., t.elief that effective inservire is difficult to attain for the
following reasons:

1. Change is multidimensional. (We are dealing with change in a school system, and a school
system is a very complex entity.)

2. Change is a slow process. (It is the nature of a stable and functioning system to resist
change. School systems seem to be exceptionally resistant to change, and change only
slowly.)

3. Effe...tive inservice is resource intensive. (In many settings the resources available for
inservice education may not be adequate to produce a significant change.)

4. Learning styles of adults are complex. (A typical inservice will involve adults with widely
varying interests, characteristics, and backgrounds.)

5. Global characteristics of school systems, many of which are outside the influence of the
inservice provider, influence change.

6. Participation of teachers in the process of setting goals for inservice may enhance the learn-
ing of the participants, but it is difficult to properly achieve this participation in goal setting.

7. Mechanisms for evaluagon of inservice programs are ill-defined and infrequently
attempted.
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1.2
THE CI3 MODEL FOR EFFECTIVE INSERVICE

(Note. This is a slightly modified version of a paper written by Seymour Hanfling, Judi Mathis, and
Jim McCauley for presentation at the University of Oregon "Extensions of the Human Mind"
conference in August 1986. These inree authors were all members of the NSF C13 project staff
when the paper was written.)

The Computer-Integrated Instruction Inservice (CP) project directed by Dr. David Moursund
began in September 1985. The purposes of the three-year project: were (a) to develop an inservice
model for educating teachers in methods of integrating general computer software tools such as
databases, spreadsheets, graphics programs, science tool kits, into their curriculum; and (b) to
develop a method for training inservice trainers in the use of that CI3 model.

During the first year the project team concentrated on developing the inservice model and
materials in two areas: elementary schools and secondary school mathematics. The second year of
the project continued this teacher inservice development and extended it to include secondary school
science. It also developed an inservice to train trainers in the use of the CP model. The third year
will refined the materials from the second year, created materials for secondary school social
studies, and began dissemination of the results of the project.

The uldmate goal of the CP project is to bring about improvement in the classroom; this is a
formidable task. The process of bringing about improvement through innovation in the classroom
by staff development has been studied extensively ( Berman & McLaughlin, 1978; Dillon-Peterson,
1981; Fullan, 1982). Even though there is no agreement on the "one" best way to do staff
development, there is agreement on the need for the support and involvement of the major
components of an educational system: the teachers in a school or department, the building
administration, the central administration, the school board, and the students' parents. The CP
project used this knowledge in formulating an inservice program.

First, w.t received the support of the central administration of the district within which the
workshops took place. Second, we viewed the school (or department in the case of a high school)
a.; the unit of change, not the entire district. We worked with groups of teachers from a building (or
department). Finally, an administrator from each building was required to prticipate along with the
teachers. As Wood, Thompson, and Russell (1981) point out:

For staff development to have a lasting effect, the principal must be committed to the
implementation of the inservice goals, participate in the inservice planning and activities,
encourage other staff members to participate in training programs, and support and reinforce
the implementation of new knowledge, skills, and strategies. (p. 63)

During the first year of the project we were quite successful in getting school administrator
participation in the project. During the second and third years we were less successful. There is a
substantial body of theory on how to organize and conduct an inservice to be as effective as
possible. It usually turns out that there is a substantial difference between the theory and what one is
actually able to accomplish. In this case, we were not able to secure school administrative
participation at the level we would have liked during the second and third year.

During the first year, the CP project worked w'th two groups of educators. One consisted of
the principals and a nun kber of elementary school teachers from three schools. The second consisted
of mathematics teachers from a middle school and a high school and an administrator from each
building. There were approximately 17 participants (all volunteers) per group.

:,. ; I
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Prior to the training, a needs assessment was conducted by inter viewing all the participants. We
acquired knowledge on a variety of topics, including the participants' current educational and
personal computer usage; their access to computers, computer lab(s), and software; their views on
educational uses of computers; and the areas in which they desired training.

Originally seven inservice sessions were scheduled. The sessions were conducted after school
and usually at the computer lab sites of the participating schools. (Two sessions were conducted on
the University of Oregon campus.) The introductory and closing sessions were originally scheduled
to be five hours long (with dinner provided), and the five other sessions were to be two hours in
length, held every other week. The teachers found the first five-hour session to be too long after
teaching all day. We adjusted our schedule and shortened the last session to two and a half hours.
As a result of this experience, we redesigned the second and third year inservices to consist of 16
hours of workshops in eight two-hour scssions.

The Inservice Model

The wise leader knows that the true nature of events
cannot be captured in words. So why pretend?

Confusing jargon is one sure sign of a leader who does
not know how things happen.

The Tao of Leadership by John Heider

Inservice Design Principles

The participants in our inser ices reflected a wide range of backgrounds and teaching
environments. Although this lack of homogeneity is a common difficulty in computer-related
inservice education, it led to the development of a significant premise of these workshops.

Clearly, these workshops are not inservice trainings in the sense of teaching a specific teaching
technique, computer management skill or even competence with a specific piece of software, but
instead are educational workshops. They are meant to expand teacher knowledge and capabilities in
the classroom, and they provide an environment for exploring and learning about the applications of
computers and software tools in the curricuium.

The issue of training versus education is critical. Computers will be part of education from now
on. All teachers will eventually need to deal with computers in schools. Computer inservice for
teachers needs to be an appropriate blend preparing them to make some immediate use of
computers, but also laying a firm foundation for continued growth and learning in this field. It was
our observation that many inservices on computers place too much emphasis on what keys to press
and the specific details of particular pieces of software. Many inservices of this sort do not do a
good job of developing ccmputerrelated foundational knowledge such as general roles of
computers in problem solving, changes in education needed to prepare students for life in an
Information Age society, etc.

The following design principles were used to create the balanced environment we deemed to be
appropriate:

1. Each session should offer participants at least one idea that can be used immediately or in
the short term future in their classrooms. This idea might be an activity, a piece of
software, a teaching style, or a management aid. The sessions are rich learning
environments in which participants discover and experience many ideas and applications of
computer-related activities and software tools. These environments provide many
opportunities for participants to find ideas that are approptiate and relevant to their
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instructional situations. The process of discovery also helps build ownership and increases
the likelihood of classroom implementation.

2. Software should always be introduced in an instructional context. Rather than training
participants in the details of a piece of software, the tool is introduced with classroom
examples. Activities are designed so the participants can be successful even if they have
only partial knowledge of the software. This allows teachers to see that they need not
understand all of the nuances of a program before they use it in the classroom. There are
two reasons for this approach: First, it help teachers explore and gain an understanding of
the instructional uses of a specific software tool. Second, it provides a model for teachers
to experience an activity and begin to adapt the activity to their own classrooms.

3. Participants should experience activities on two levels. First, as "students" in an inservice,
are the activities meeting the objectives? What is being learned: What is being experienced?
Is it enjoyable? Second, they are asked to analyze the activities and the inservice itself:
What activities have been chosen? Why have those activities been selected and not others?
How zan those activities be adapted to their classroom?

Reflection and discussion of these questions occurs at different times. The participants are
briefly reminded to note and reflect en the first questions while they are doing an activity.
These qustions are then repeated during the closure discussion for an activity. The second
set of questions is also discussed during closure for an activity and at the closure for the
entire session.

4. The participants should work in groups. There are four reasons for this. First, Cox and
Berger (1985) have shown that worldng in groups on the computer is mow effective in
solving prob ms than working individually. Second, the pardcipants become accustomed
to discussing corn-uter-related curriculum matters with each another. This helps build a
school level ma district-wide resource blse, and it builds a spirit of mutual support among
the inservice pardcipants. Third, it allows the trainers to work with more of the partici-
pants. Finally, it allows the trainers to eavesdrop on participants' conversations and gain
relevant information for conducting discussions and directing the remainder of the session.

In recent years the effectiveness of cooperative learning has become clear. Many people
fear that computers will be used to isolate students and work against against the cooperative
learning environment. But this need not be the case. Many computer activities can be done
in a cooperative learning environment, and research supports this approach as being good.

5. Each session should be structured to allow participants to disover methods and models of
instruction. The participants demonstrate or gain an understar ding of these methods during
the debriefing of each activity or at the session closure. This approach differs from many
prevailing inservice formats by avoiding an explicit statement of inservice objectives at the
outset of each session. Our goal is to avoid creating a specific mind-set in participmts that
may deter them from maldng their 3wn original observations or restrict them from making
additional observations. It alsci allows them to experience the activities as their students
might, thus providing valuable insights that can be gained in no other way.

Imagine, for a moment, a scale which is labeled "Pure Discovery" on one and "Pure
Directed Instruction" en the other end. Most of the instruction in our schools is conducted
using a style that is much closer to the Pure Directed Instruction end than to the pure
Discovery end. But it is essential that both teachers and students learn to use computers in a
discovery-based mode, so that they feel comfortable in working with new software
applications and learning on their own. Thus, in designing the inservices, we made a
decision to place major emphasis on discovery-based learning about computers. We
reasoned that if teachers learned about computers in this type of mode, they would then use
it with their students as they introduce computers into their classrooms.
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This method requires the development of mutual trust. ThPough the activities the partic-
ipants discover, learn, and gain insights across many pedagogical domains. During the
debriefmgs the trainers can aid the participants in understanding and adapdng their insights.
This discovery and debriefing-oriented model is stimulating, interesting, and successful.

A key aspect of discovery-based learning is the debriefing periods at the end of discovery
sessions. The course instructor (the facilitator) must have a clear picture of the key elements
that are to be discovered. (Of course, it usually happens that many additional important
elements are discovered.) The debriefmg sessions allow participants to bring up and
discuss the ideas that they have been working on and discovering. The facilitator must
ensure that all key elements are brought up and that they receive appropriate emphasis.

6. The sessions should be enjoyable! There has been substantial research on the itlationship
between attitude and learning. We know that if participants are enjoying the learning
experience, they will learn more and better.

Material Selection and Development of Activities

The main reasons that computers are so heavily used in business, government, and industry is
that they are a powerful aid to problem solving and productivity. Computers can solve or help to
solve a wide range of problems. The focus of this CP project is to improve student problem solving
by integrating of software tools (e.g. graphics, databases, spreadsheets, science kits, etc.) into the
curriculum. Thus, the theme of problem solving is interwoven throughout the design of the
inservices. Inservice participants can explore and experience the use of these tools by sohing
protlems presented in the inservices. These experiences also encourage participants to discover ,ew
ways to pose problems and even new types of problems to be solved.

Problem posing and problem solving are higher-order skills, essentially corresponding to the
Analysis, Systhesis, Evaluation end of Bloom's taxonomy of cognitive skills. There ic, a silting and
gowing movement in our school system to place increased emphasis on such higher-order skills.
Computers are a vehicle that can help in this endeavor.

Problem posioy and problem solving arz interdisciplinary skills. They are not, as many teachers
think, just mathematics. All teachers should have their students pose and solve problems. All
teachers should teach problem posing and problem solving as part of their overall carriculum.

Due to the wide range of backgrounds and experiences of the pr -ticipants, as well as gendf:x
differences, careful selection of materials and activities is importan However, selection of softvvaiu
is also limited by practical constraints. Our selections are based upon availability, quality, utility in
the particular inservice situation, appropriateness to the grade and concept level, Lnd effectivecost.
The last item refers to software that is under district licer,..,e, in C.v.: public domain or allows multiple
loading. (Some software companies give special permission for multiple loading to educators
conducting teacher training.)

After the design o: activities and selection of software, performance aids and learning aids
(wcrksheets) are developed. Pelformonce aids contain the basic information nrxessary to use a
piece of software; keystroke commands, data retrieval and printer commands, for example. Many
participants find that they can use unfamiliar softwarc with a minimum of instruction if supplied
with an appropriate performance aid. Participants can also learn to use some software through
on-line tutorials.

23
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Learning aids contain problerm that increase in complexity and software knowledge; therefore,
they ma l. contain software comments where appropriate (e.g., how to print a gaph). These
worksheets range from very spe,:ific instruedonal seouences to open-ended explorations.

Along with performance and learning aids, sample lesson plans are provided, which can be
adapted, extended, and used as models. They are important in assisting participants to transfer
irservice concepts to their clagsrooms, and reduce the amount of effort required to develop and
transfer new activities to the classroom.

Organization and Development of an Inservice Scrt

In organizing the sessions we tried various inservict. methods and activity sequences. The ones
we found successful were those that embodied our assumption that instructkn is a dynamic process
by nature. Decisions are made continually through the interactions of the trainers, the participants,
and the content being presented. Thus, the framework of these sessions must be flexible. The same
session presented with different goups of participants might begin in the same way, but then,
based upon their responses and needs, proceed along different paths. Many times the participants
are offered a choice of options or they are allowed to offer their own suggestions on tht next step in
the inservice. This dynamic process is difficult to capture in words. In the following discussion it is
Important for the readir to keep in mind that these inservices embody a process that is designed to
be flexible.

Sequencing of Activities. The sequencing of all activities enhances concept attainment and
assists in the transfer of the(-,e concepts to the classroom. The sequencing of activities begins with
the most concrete activities and progresses to the more abstract.

The typical sequence for an activity is:

1. Explore. Allow participants time to "play," so that they may develop an intuitive
understanding of the software or actis:ty. Participants make use of a Performance Aid.

2. Experience. Work on the softwa or activities in an instructional format that models
classroom presentations. Participants make use of a Learning Aid.

3. Discuss. Debrief the activity, paying particular attention to participants' feelings,
experieuces, attitudes, and idca:, for instructional applications. The facilitator makes sure
that key ideas that the leP,Jon was designed to cover were indeed covered and get discussed
during the debriefmg. But keep in mind that the debriefing is to be conducted in a discovery
based mode. The facilitator should avoid, as much as pnssible, switching into a directed
instruction mode during the debriefmg.

4. C.osure. The facilitator gives a brief summary statement. Relate this activity to the
objectives of the session or previous sessions. Integate previous participant comments as
frequently as possible ,luring closure.

Sequencing within a session. We begin each session with a hands-on activity or an
off-machine problem solving activity that is approximately 5-15 minutes long. (We strongly
encouraged participants to work in pairs on the computers. Sometimes a person would decide to
work alone, and sometimes thren people would work together.) This instant involvement is very
useful in setting the tone for the day's session. It allows participants to begin participating as soon
as they arrive, and it handles the situation of some participants showing up a little late. The
debriefing of this opening activity provides an opportunity to discuss the focus and general goals of
the session. (A general goal might be to explore uses of computers to store and retrieve information
as an aid to solving problem.)
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The next 30-40 minutes is spent exploring activities on the computer with participants working
in groups, generally in pairs. This exploratory period might be directed by the trainer or through
performance and learning aids, with a fbcus on the specific objectives of the. activity. Participants
&nay become involved in trying to "solve the puzzle" or "beat the computer," and it is sametimes
necessary for the trainers to draw the participants' attention to the instructional aspects of:the
activities. The participants may finish an ac.... ity at a later time and at their own pace.

The debriefing of all activities is extremely important. As described above, explanation and
debriefing of all activities follows rather than precedes the activities. This allows participants to
experience an activity in a situation without a trainer-induced "rnindset" and places them in a similar
position to that of their students. Encouraging participants to generate ideas contributes to the
transfer of ideas from the inservice to their teaching situations. It is more likely that teachers will try
new classroom practices it they have experienced these new practices in the workshops and then
analyzed and reflected upon them.

The remahider of the session is spent intermixing off-computer and computer-based activities.
The participants enjoy the integration of off-computer activities into the sessions. The concrete
nature of these activities provides a bridge to the abstract nature of the computer.

Final closure for an entire session provides a transition from the inservice setting to the
classroom. Our experience indicates that the integration of Software tool activities into classes seems
to take place if the integration (a) allows students to learn better, faster or in more exciting ways; (b)
allows students to work with !MAT important concepts than they are now learning; and (c) is not
appreciably more difficult for the teacher than present instructional practice. Discussions during
fmal closure are useful in generating ideas that illustrate these points.

Once the above ideas have been used in planning a session or series of sessions, it is important
to review the entire set of activities. Are the transitions smooth? Are the activities building upon
each other? Are the original objer,tives sdll being met? (The last question can sometimes be
overlooked as "exciting" activities and software hide or even change the original objectives.)
Finally, is this still a inservice that is interesting and enjoyable to lead and exprience?

Inservice techniques. Like any teachers, we use a variety of techniques during the sessions.
The following are those we find useful and consider the most important:

1. Model classroom activities and appropriate teacher behaviors. We generally teach the way
we have been taught. The importance of modeling appropriate tea ;her behaviors cannot be
overstated in helping participants to integrate new ideas into their classes. Merely
"discussing" how activities can be done in the classroom is insufficient; they must be
experienced;n order to be understood. (Note that there is some research that suggests that
elementary school teachers like to be in inservices that model appropriate behavior, and that
secondary school teachers are less supportive of such an approach to inservice education.)

2. Ide..Lify and utilize participants with knowledge of the inservice contents. (No matter how
carefully one states the prerequisites and describes the intent of an inservice, the
participants will have widely varying backgrounds. Frequendy there will be one .ir more
participants who are quite qualified to be facilitating the inservice.) Foiming groups where
at least one of the participants has experience with a piece of software can help make
workshops go more smoothly. Establish peer support by publicly validating participants'
knowledge and encouraging peers to consult each other for answers. Remind participants
that they are experienced educators who bring a multitude of skills to the inservices. (An
analogous situation for teachers is using students in their class who are experienced with
software to act as helpers or teachers to other students.)

3. In the debriefings and discussions, encourage participants to analyze the activities from
two perspectives: that of a student (their experiences while using the software) and that
of a teacher.
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4. Obtain feedback from the participants at each step of the inservice. Be responsive to their
needs and, when appropriate, modify the inservice plan. When necessary, help the
participants reevaluate their expectations in order to gain the most from the inservice. For
example, because a wide range of teacher tacl:grounds is present at a inservice, a specific
piece of software may not fit everyone's teaching assignment Shift the Cocus of those
teachers toward examining the software for its strengths and weaknesses: Is it easy to use?
Is the feedback appropriate? Does it allow for exploration?

5. Do not be disturbeo ir the time schedule that yot have set occasionally requires you to
interrupt participants in the middle of an activity. Research suggests that this can actually
contribute significantly to learning. The interruption provides a time for participants to
reflect upon the:: -xp?riences during an activity.

6. Use open-ended questions that encourage teachers to reflect on the session's activities.
Convergent questions can cover the content and analysis, as well as pacing and
sequencing. Divergent discussions can cover transfer of the activities to the classroom and
possible impact on the curriculum and individual classes. These types of questions are
important and cannot be hurried. A time for reflection and analysis helps participants gain
the ownership necessary to integrate new ideas into their own dducadonal setting.

7. When the trainer does not have an answer to a question, the 'vs: response is "I don't
know, let's see what all of together know about this question." There may be participants
that can provide information, just as the teachers may have students in their class who can
help them with a piece of software or activity.

Reference Materials, Handouts, and Log Sheets

Each participant receives a set of r..aierials at the first session, including relevant journal articles,
software reference lists, eassroom ideas and public domain software. Refer participants .J elements
of this collection whenever related activities or discussions take place.

The participants are asked to keep a log of their computer elated activities, including: classroom
lessons, work with individual students, personal use, readings and discussions with coil:agues.
This log form also can be used to ask trainers for information or help. The trainers respond to
quesd;ns, suggest software the pardcipants might wish to preview, and return the logs. These
:orms are an important feedback mechanism. It is an efficient way for participants to communicate
with the trainers to have a record of their computer-related activities.

School Visits

Based on the experience from this project, ..lassroom visits juld be included as part of the
inservice program. This can be done in a variety of ways: A rainer zaay mcdel a lesson in a
participant's classroom, both the participant and trainer may teach a class together, or the trainer may
observe the participant teaching a lesson. Many teachers feel that this type of interaction is helpful.

Ck .ag Comments

We have spent many hundreds of hours working on the CP project. It has been difficult to
summarize what we have learned, primarily because, as stated earlier, education is a dynamic
process. The only way to learn a process is to do it. What we have presented here is a framework
that has been effective. However, this is not the end of the develop Jent of an effective ins.rvice
model. Both formative and summadve evaluations have taken place or are in progress, some ot the
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results are given in Part 5 of this Notebook. As you practice using the inservice materials in this
Notebook, and as you continue to practice and study the field of inservice education, you will get to
bei better facilitator of inservices. One of the joys and frustrations of education is that it is
constantly evotving and that educators need to be lifelong learners.
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EIBACIMIEGIIND IINYOMALMON

2.1
OVERVIEW OF COMPUTERS IN EDUCATION

Computers are important and widely used in our society because they are cost effective aids to
problem solving in business, government, industry, education, and other areas. The primary focus
of this Notebook is on the use of computers as an aid to problem solving.

This chapter of the Notebook provides an overview of computers in education, with primary
emphasis on Computer-Integrated Instruction (CII). The underlying assumption is that we want to
increase students' ability to mak:: ,ise of the computer as a tool in problem solving throughout the
curriculum. This chapter might be given to inservice participants as general background reading.

Computers in Education

The diagram below presents a structure of the overall field of computers in education. As
ii ticated in the d:_gam, the field of can Ix. vided into three main parts. Although each part will be
u...,.ussed briefly, the main focus is on instructional uses of computers. As the diagram illustrates,
instructional uses of computers also may be divided into three parts. After briefly discussing each
part, we will focus on learning & teaching integrating computers. We call this part
Computer-Integrated Instruction (CII).

I

COMPUTERS IN EDUCATION

Ad mi nistrative
Uses

Instructional
Uses

1

Research
Uses

Learn & Teach
About

Computers

Learn & Teach
I ntegrati ng
Computers

Learn & Teach
Usi ng

Computers
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Administrative Uses

Many aspects of running a school system are similar to running a business. A school system
has income and expenses. It has facilities and inventories. It has employees who must be paid and
employee records that must be maintained. And, of course, a school system has students who must
be taught. Detailed records must be kept on student performance, progress, and attendance.

Computers can be cost effective aids to accomplishing all of the administrative-oriented tasks
listed above. Thus, it is not surprising that computers are extensively used for administrative
purposes in most school districts in this country. In some school districts this use goes back more
than 25 years. Overall, the administrative use of computers in schools is growing steadily.

At the current time there are two major approaches to administrative use of computers in
schools. One approach is based on centralization. A large, centrally located computer system is used
to serve a number of schools, ; s well as central sc.tool district office needs. There may be terminals
to individual schools. Thus, sc..ie input and output operations may occur at thc school sites. Other
operations especially those invoi .ing large amounts of input and output, occur at the central facility.

An alternate appmach that has gained considerable support in recent years is to place
administratively oriented microcomputer systems into individual schnols. Initially these were
self-contained microcomputers, but there is a growing tendency to network them. It has become
clear that microcomputers can make a substantial contribution to the functioning of a school office.

It seems evident that there will be a continuing need for a central, powerful computer system in
most school districts. Also. it seems evident that on-site microcomputers will become increasingly
popular. What is not so clear is how and to what extent the central facility and the on-site
microcomputers should be networked together, nor is it always evident which cc,mputer
applications are best accomplished at the school site and which are best accomplished at the central
facility.

The design and implementation of a school district administrative computer system is a task for
computer professionals. It takes years of computer education and experience to become well
qualified at dealing with this type of task. It is important to realize the level of training and
experience needed, since few computer-using teachers have this type of training and experience. In
most school districts the instructional computing coordir.ator does not attempt to also be the
administrative compt dng coordinator, since these posidons require sych different types of training
and experience.

Research Uses

Educational research has benefited immensely from computers. Many educational research
projects involve collecting large amounts of data and subjecting that data to careful statistical
analysis. If a research project has a control group and a treatment group, students in the two groups
may be tested extensivcly during various phases of the experiment, resulting in a substantial
collection of data. Large libraries of statistical programs have been available for more than 25 years.
Now such program libraries are even available on microcomputers. Thus, it is relatively easy for a
researcher who is knowledgeable in the use of statistical packages to carry out a number of
statistical analyses on the data collected.

Computers are making it easier to conduct longitudinal studies. Detailed records can be kept
over a period of years. These mcords can then be analyzed, looking fol patterns or trends that rn;ht
not be evident under casual scrutiny. This type of research is common in medicine, and some of it
has been done in education.

Computer-Aszisted Learning (which will be discussed later i:: this chapter) provides an exciting
vehicle for research. As students interact with computers while studying a particular subject, the
computers can collect and maintain detailed records. These records can be analyzed to help
determine which aspects of the instructional program seem to be most effective, and which need
modification. Such formative evaluation can provide the foundation to improve instructional
niaterials. 10
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If a school district is large enough to have an evaluator on its staff, the evaluator is apt to be
quite knowiedgeable in research uses of computers. It is important to understand that
administrative, research, and instructional uses of computers are relatively distinct fields of study. A
person may be an expert in administrative uses of computers, yet have little knowledge of the
statistical packages alid statistical techniques of a researcher. Similarly, a person may be an expert in
instructiorA uses of computers but have little knowledge of the hardware and software needed in an
adminisuatively oriented computer system.

Instructional Uses

Our diagram of computers in education divides instructional uses into three categories. The
categories overlap to a certain extent, but it is helpfid to look at each individually. The first one we
will examine is Learn & Teach About Computers. Learn & Teach About Computers focuses
on the discipline of computer science. (A very broad definition of computer science is used, which
includes information science, data processing, computer engineering, etc.) This is a well established
discipline; many colleges and universities have had bachelor's degrees and/or graduate degrees in
these areas for more than 20 years. There are hundreds of journals and magazines that publish the
rapidly growing body of compu:c4.-re1ated research.

A few high schools began to experiment with teaching computer programming in the late 1950s.
This early use of computers in schools provided solid evider.ce that high school students could learn
to program in assembly language or Fortran. However, computers were quite expenci-vv. ar.d not
particularly accessible for use in high schools.

The development of timeshared computer systems and the language BASIC in the early 1960s
opened up the possibility of large number of students learning to write computer programs. 'is
timeshared computers decreased in price, more and more schools began to offer a course in BASIC
programming.

By the early 1970s it was becoming clear that co.nputers were beginning to transform our
society. The Industrial Age had ended, and the Information Age had begun. Many educators argued
that all students should become "computer literate," and that this could be best accomplished
through specific computer-oriented coursework. Often the cow -es were in introductory BASIC
programming. The trend toward students taking computer programming-oriented courses increased
rapidly as microcomputers became available to schools beginning in thc late 1970s.

Now a counter trend has emerged as people realize that it is not necessary to learn to write
computer programs in order to make effective use of a computer. Many introductory courses have
reduced their emphasis on computer programming and increased their emphasis on using
applications software that use the computer as a tool. Computer literacy courses have been
developed that contain little or no computer programming. Secondary school enrollments in
computer programming and computer science courses have d_ropped markedly.

The rapid growth of applications-oriented computer literacy courses have caused a number of
educational leaders to ask why such instruction must be limited to a specific course. Would it be
better for students if computer applications were taught throughout the curriculum? The idea is that
students should make use of the computer as a tool in all courses where appropriate. That is exactly
what Computer-Integrated Instruction is about, and it is the main focus of this Notebook. al will
be discussed further later in this chapter.

The teaching of computer programming and computer science courses at the precollege level is
slowly beginning to mature. A Pascal-based Advanced Placement course has been developed and is
now widely taught. This has tended to lend s.ructure to the high school computer science
cuiriculum. However, it is evident that this type of course appeals to only a small percentage of
high school students. Enrollment in introductory programming courses that use BASIC, Logo, or
other non-Pascal-like languages remains high. On a nationwide basis, however, such enrollment
peaked several years ago and has declined substantially since then.

Logo has developed a wide following, especially at the elementary school level. Some teachers
view the learning of Logc as an end in itself. However, most Logo-oriented teachers recognize the
potentials of Logo as a vehicle for illustrating and teaching various problem-solving strategies. The
turtle geometry part of Logo also can be used effectively to help students learn a number of
important geometric ideas. The Logo Exchange, a nine times per year periodical published by the
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International Society for Technology in Education, is specifically designed for educators interested
in using Logo in schools.

Learn & Teach Using Computers. A computer may be used as an instructional delivery
device. This type of computer use is often called computer-assisted instruction, computer-based
instruction, or computer-assisted learning. In this Notebook it is referred to as Computer-Assisted
Learning (CAL).

CAL is sometimes divided into categories such as drill and practice, tutorials, and simulations or
microworlds. Most CAL systems include a recordkeeping system, and some include an extensive
diagnostic testing and management system. Thus, computer managed instruction is sometimes
considered to be a part of CAL.

Initially, most CAL material was designed to supplement cons entional classroom instruction.
For example, elementary school students might use drill and pr..tice mathematics materials for 10
minutes a day. But as computer hardware costs have declined and more CAL materials have been
developed, there is some trend toward implementing substantial units of study and/or entire
courses. Declining hardware costs make such CAL use economically feasible. For example,
suppose that a small high school has only a half dozen students per year that want to take particular
courses such as physics, chemistry, or advanced mathematics. It may be much more cost effective
to make such courses available through r kL than through a conventional, teacher taught, mode.

CAL has been heavily researched ovL4 the past 30 years. The evidence strongly supports the
educational value of using CAL in a wide variety of settings. The success of CAL may be explained
by three factors. First, students using CAL on the average spend mom time on task. Because
learning correlates well with time on task, students on the average learn faster using CAL. Second,
CAL materials allow students to work at their own levels and at their own rates. This
individualization is a considerable aid to some students. Third, CAL materials can incorporate good
practices of instructional and learning theory. Formative evaluatior can provide a basis for
impioving CAL mater.a:s under development. Through this ap 'roach, the qt.ality of commercially
availaVe CAL materials is gradually being improved.

Learn & Teach Integrating Computers. The third category of instructional use of
computers is Computer-Integrated Instruction (CII). CII focuses on the computer as a productivity
tool, an aid to problem solving. One orientation focuses on general purpose or generic applicatioi1
packages such as database, graphics, spreadsheet, word processor, and telecommunications. Each
of these Lpplication packages is widely used in business, industry, and government. In education,
each can be used at a variety of grade levels and in a variety of courses.

A second orientation focuses on the development of applications software for a specific
discipline. For example, there is now a substantial amount of software that can help a person
compose music. Such software makes possible the teaching of musical composition to elementary
school students. There is a substantial amount of Computer-Assisted Design (CAD) and other
graphics artists software. Such software tools are often now centrally used in high school courses
that used to focus on drafting or engineering drawing.

It has long been recognized that precollege students could learn to use computer_ as an aid to
problem solving. The initial approach, now dating back more than 25 years, was to have students
learn to write computer programs to solve specific cat,..!gories of problems. Fcr example, it was
suggested that if a math student could write a computer program to solve quadratic equations, this
indicated real understanding of that mathematical topic. Over the years there have been a number of
research studies on whether this is indeed correct. While the results have been mixed, it seems clear
that having students write computer prugrams to solve math problems is not a magical solution to
the problems cf inathematics education that our schools face.

Initially, such an approach to CH made little progress because both the programming languages
and the computer hardware were not suited to the needs of most precollege students. But the advent
of timeshared computing and BASIC have helped to change that. And then, beginning in the late
1970s, microcomputers, with built-in BASIC, made it feasible for millions of students to learn to
write simple programs to solve specific categories of problems.

It takes considerable time, as well as a specific type of talent, however, to become a competent
computer programmer. It was soon recognized that the time was being taken away from the study
of conventional subject matter. The movement toward integrating computer programming into
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various high school courses has long since peaked and has been replaced by a trend toward using
applications packages. This new trend has accelerated as better applications packages have become
available for microcomputers used in schools. An increasing percentage of this software is
specifically designed for use in education.

Word processing can be used to illustrate both the general idea of CII and some inherent
associated difficulties. Word processing is a generic computer applicae.on tool in the sense that it is
applicable across the entire curriculum at all grade levels. Clearly, a word pmcessor is a cost
effective productivity toc' for secretaries and for many people who do a lot of writing. Moreover,
word processors make it easier to do process writing (prewrite, compose, conference, revise, and
publish). For these reasons, many schools have decided to have all their students learn to do
process writing in a word processing environment.

But it takes quite a bit of instruction to learn to make effective use of a word processor. To learn
proper keyboarding techniques and to keyboard faster than one can handwrite takes a typical fourth
grade student about 30 minutes a day for eight weeks or more. To learn to compose at a keyboard
and make effe( live use of a word processor takes additional instruction and practice.

There are s everal additional difficulties. First, teachers have to learn to provide the initial
instruction anc. to work with students who do process writing in a word processing environment.
Even if the initial instruction is provided by a specialist rather than the regular classroom teacher, the
classroom teacher must work with students after the initial instruction. All of the students'
subsequent teachers face the same problem. This suggests that large numbers of teachers will need
to learn to work with the idea of process writing in a word processing environment.

Second, there is the matter of access to appropriate computer systems. Once a student becomes
adept at this mode of writing, the student will want to condnue its regular use. This can easily
require providing each student with 30 minutes of computer time per day. It also raises the issue of
needing to provide computer access for students to use ,rt home, after schooi, and on weekends.

Third, there is the problem of testing especially standardized testing. Suppose a student has
had several years exp :rience in using a word processor to do process writing. The student has
learned to approach writing projects using this productivity tool. There is a good chance the student
can write better and faster using a word processor than using pencil and paper. An appropriate
assessment of this student's writir, skills requires giving the student access to a computer during
the test.

Fourth, once one has a word processor, it is quite helpful to have a spell checker, a
grammar/style checker, and an outliner. Such aids to writing may have a significant impact on the
nature of the writing curriculum. They may require ch....ges in textbooks, lesson plans, and the way
class time is structured. And once again the issue of testing arises. Should a student be allowed to
use spelling and grammar checkers when doing writing for an essa} test?

These four types of difficulty occur for all CII applications. The problem of teacher training is
addressed specifically by the materials in this notebook. The problem of access to appropriate
hardware and software will be with us for many years to come. It can be overcome through
appropriate allocations of money. The. testing problem is being addressed by a number of agencies
involved in widespread assessment. For example, some states and provinces now allow use of
calculators on certain tests. However, it seems clear that this will be a long term problem. Textbook
companies arc slowly beginning to address the issue of integrating the computer as a tool into the
books they publish. School districts and individual teachers interested in making more rapid
progress are developing their own curriculum materials.

The Potential of al

Many work environments now provide a computer or computer terminal for every employee. It
is clear that this will become more and more common, since computers are such useful aids to
solving certain types of problems and increasing human productivity. Thus, it seems appropriate to
assume that increasing numbers of today', students will use computers when they go to work.
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Research on transfer of learning strongly supports the position that instruction and training
should closely parallel the final desired behaviors. Thus, if we need workers who are adept at using
computers to aid in solving problems, we should integrate computer use as students develop their
basic problem-solving skills and strategies. For these and other reasons, it seems clear that CII will
grow rapidly for many years to come.

As CII increases, both teachers and students will begin to question the content of many of their
courses. If a computer can solve or help solve a particular type of problem, what should students
learn about the problem? Is it necessary and appropriate to learn to sohe each type of problem
using only conventional aids such as books, and pencil and paper? Or, should schools focus more
on underlying concepts and help students gain an overall understanding of problems that con,puters
can solve?

In some cases an answer will be forced on schools. For example, libraries are being
computerized. Card catalogu t:. are being replaced by computerized information retrieval systems.
Important publications are available only in computer databases. Since learning to access
information is an essential component of education, students will have to learn to ase databases and
computerized information retrieval systems.

In other cases schools will have wide options. For example, consider the impact that handheld
calculators have had on the upper elementary school and middle school mathematics curriculum.
While the potential for calculator-integrated instruction is large, the actual impact on the curriculum
has been minimal. This is true in spite of many years of strong support from the National Council
of Teachers of Mathmatics for integration of calculators into the curriculum. In April 1986, the
NCIM issued still another strong statement recommending calculator use at all grade levels. A few
states and provinces are now beginning to allow use of calculators in certain testing situations. We
may be seeing the beginnings of a trend toward allowing calculators (and, eventually, computers) in
standardized testing situations. During the academic year 1987-88, for example, the Chicago public
schools purchased approximately a hundred thousand calculators for use by their students.

Much of the short term potential for CII depends on how well our educational system addresses
the issue of Inservice education. All current teachers can ksarn to make effective use of CII. Given
appropriate inservice educational opportunities, many will do so.
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2.2
ROLES OF COMPUTERS IN PROBLEM SOLVING

Each academic discipline focuses on certain types of problems. Each discipline has vocabulary
and notation, methodology, and tools to aid in describing and solving its problems. Problem
solving is a unifying theme throughout all of education. In this chapter we use the term problem
solving in a ver, general sense, so that ideas such as higher order skills and thinking skills are also
included.

Undouotedly the single most important idea in problem solving is that of building on the
previous experiences of oneself ..,nd others. For example, consider the importance of language in
problem soh ing. The language(s) you speak and read have been developing over many years,
beginning long before you were born. You learned to speak and read many years ago, so that now
when you speak or read you are using learning work that you did long ago as well as building on
new meanings words have taken on for you.

Paper and pencil provides another type of example of building on the previous work of oneself
and others. It is evident that paper and pencil are useful aids to problem solving in every discipline.
Raper and pencils artifacts developed and produced by people. When you use these artifacts, you
aT building on the work of the inventors, producers. and distributors of these artifacts. Paper and
pencils are tools that you spent many hours learning to use when you were young. You now use
them readily and with little conscious thought of your earlier learning efforts.

The Compute,. Tool

Now we have a new, general purpose aid to problem solvi..g. (Actually, the electronic digital
computer was invented in the 1943s, so it really isn't very "new" anymore. Commercial mass
production of computers began in 1951 with the introduction of the UNIVAC I. Most people who
talk about the computer being a new tool are people who have been introduced to computers
relatively recently. The computer is new to them, sc they assume it is new to others.) The advent of
the microcomputer beginning in the mid-1970s has made computers readily available to very large
numbers of students and workers. However, it is only 'ecently that enough computers have been
made available to precollege students to begin making an impact on their education. In that sense,
computers are still a new tool in education.

One of the most important ideas in problem solving is that the aids available for solving a
problem shape the thinking processes used. You have grown up with books and pencil and paper.
When you were a young student, you received many years of instruction in their use. Now, when
working on a problem, you automatically consider possible uses of these aids.

For example, suppose that you needed to prepare lesson plans for a course. Perhaps you would
first do some brainstr.nming, writing notes to yourself on the major ideas to be covered, sources of
information, time lines, and so forth. Next, you might go to your files and pull out materials you
have collected and/or used in the past. Then you might begin to organize, writing new materials and
adding to old m aerials. Perhaps a trip to your bookshelf or the library might be necessary. Finally.
you might put a all together in a notebook or in file folders.

This description represents a problem-solving process. It involves areful thinking, drawing on
one's knowledge of students, one's own teaching skills, the teaching/learning process, sr:tool
schedules, etc. It involves creating new materials and reorganizing old materials. It inv Jives
informat;.on retrieval, organization, processing, and st, In this problem-solving process you
automatically and %kith little conscious thought make use of reading and writing. The reading/writ
ing tools, which are actually essential to solving the problem, are essentially transparent in the
problem solving pro;:ess. That is, you don't even think about them. Eventually it will be this way
with computers, and that is a major goal for computers in education.

e)

Cl3 Notebook 2.2 Problem Solving Page 1



A computer can be a useful aid in accomplishing much of the work in solving the lesson
planning problem discussed above. However, relatively few people have worked with computers
long enough for computer use to be second nature. Indeed, it could well be that most adults today
will never achieve this level of comfort or ease in using computers. But students who have the
ability to learn reading and writing can also learn how to use the computer as a problem solving
tool. This can be done through computer-integrated instruction which focuses heavily on the
computer as an aid to problem solving.

Because computers are still rather scarce in elementary schools, the idea that students may grow
up accustomed to the idea of using the computer as a tool may seem rather "far out" to you. But on
a national scale we are now in a period of very rapid growth in availability of computers in schools.
The value of learning to use a computer v,ith a word processor, spelling checker, and grammar
checker is now widely accepted by educatictial leaders. Many school districts have made the
decision that all their students should have slch an educational opportunity. Often these school
districts are also teaching their students to makc t!se of databases and computer graphics. Eventually
these types of problem solving tools will be a routine put of the elementary school environment as
well.

A Definition of a Formal Problem

Every person encounters and copes with a large number of problems every day. Many of these
problems are routine and solving them becomes almost automatic. But think for a moment about the
variety of problems you deal with in a typical day on the job. For example, as a classroom teacher,
you routinely solve problems such as deciding what materials to teach, how to present them to
students, :,ow to measure studert performance, and how to work with students who are not
performing up to your expectauutts. You attend staff meetings and work on problems faced by the
whole schoui. You handle your personal budget, solving problems on how these funds should be
used. It is easy to extend the list, and you should find little difficulty in buildhig your own list. This
exercise should convince you that you are an accomplished problem solver and know a great deal
about problem solving.

Problem solving has been carefully studied by many great thinkers. There are a number of
books that define the concept we call problem and explore a variety of problem-solving techniques.
(see the references listed at the end c. this chapter). We will use the following four components as a
defmition of problem:

1. Givens. There is a given initial situation. This is a description of khat things are known or
how things are at the beginning.

2. Goal. There is a desired final situation (or more than one). This is a description of how one
wants things to be; it is a description of the desired outcome.

3. Guidelines. This is a listing or description of the genera! types of steps, operations, or
activities that may be used in moving from the Givens lo the Goal. Guidelines ate the
resources and facilitiesthat is, the powers of Me roblem solver. (The Guidelines do not
tell one how to solve the problem.)

4. Ownership. In order for something to be a problm for you, you must accept some
ownership. You must be interested in solving the problem or agee to work on the problem.

The choice of vocabulary (Givens, Goal, Guidelines) is for the mnemonic value of the three G's.
Other writers may use different terms.. When we say that a problem is well defined, we mean that the
three G's are clearly and caremily specified. A well-defined problem can be worked on by people
throughcut the world Ovcr a period of time. Progress toward solving the problem can be shared, and
cumuladve progress is possible. Thi.. -a of sharing progress toward solving a problem or category
of problems is absolutely fundamental to the human race making intellectual progress.

35 el
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We frequently encounter problem-like situations that have some, but not all, of the four defining
characteristics of a formal problem. We will call these problem situations. Often the most important
step in solving a so-called "problem" is to recognize that it is actually a problem situation and then do
the work necessary to obtain a carefully defined problem. This requires careful thinking, drawing on
whatever knowledge one has that might pertain to the problem situation. Often a group of people will
have a brainstorming session to get relevant ideas. See especially the works by Torrance. His
research and development group has produced instructional material designed to help students gain
improved problem-solving skills. See also de Bono (1971, 1973).

Each of the four comi.ments may require further explanation in order to become clear to you. We
begin with the last one: Ownership. Some experts on problem solving exclude this component, while
others give it considerable weight. If coping with a pazotar situation is essential to your survival,
you are apt to have considerable ownership of this slmation. But if the situation is a hypothetical
(school book) exercise of little intrinsic interest, you may have little or no ownership. Ownership is a
mental state, so it can quickly change.

The issue of ownership is particularly perplexing to educators. They recognize that ownership
that is, a deep interest and involvement with 4 situationoften contributes to deep and lasting
learning and intellectual gowth. Thus, teachers often expend con' *slerable effort creating situations
in which their students will feel ownership.

Some alternatives to ownership art apathy a, 'Jr coercion. Keep in mind that problem solving is
a higher order mental activity. Most people do nc :rform higher order mental a7tivities well under
coercion or while in a "I couldn't care less" m000.

As an aside, you may know some students who have spent literally dozens or even hundreds of
hours working on a particular computer program or mastering a computer system. You may haw.:
said to yourself, "If only I could get all of my students that deeply involved." It is clear that such
ownership of a computer-related problem has changed the lives of a number of very bright and
talented students.

Many people are puzzled at first, by the Guidelines component of the definition of problem.
Suppose that you wet... giving your students a spelling test. From the student viewpoint, the task of
correctly spelling a word is a problem to be solved. The student would be successful if allowed to
use crib notes or a dictionary. What makes the problem a challenge is that the2e aids, and other aids
such as the use of a neighboring student's paper, are not allowed. The Guidelines specify that
students are to do their own work, without the use of crib notes or a dictionary.

For the mathematically oriented reader, another excellent example is provided by the prcblem
situation of trisecting an arbitrary angle. In the figure below, angle "IBC is an arbitrary angle (i.e., it
is of unspecified size). The goal is tc do a geometric consmiction that divides angle ABC iuto three
equal angles.

A

Given angle ABC
C
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Sometimes the Guidelines specify that one is only allowed to use a straight edge, compas and
pencil. In that case it can be proven mathematically that the problem cannot be solved. In other cases
one is allowe.. to use a protractor in addition to the other implements. Then the problem is easily
solved by measuring the angle, dividing the number of degrees by three, and constructing new
angles of the resulting number of degrees. l'-'ote that in the latter case the compass is not used, even
though it is available. Solving real world problems is sometimes difficult because many resources are
available, and often it is not clear which ones to use to solve a particular problem.

For a third example, consider this pmblem: Teachers in a particular school seem to be using
substantial amounts of pirated software. You can investigate the problem situation to clarify the given
situation (that pirated software is being used by teachers). You can set a goal, such as reducing the
use of pirated software by two-thirds in the rust year and decreasing it still more the second year. As
a responsible and ethical educational leader, you may have considerable ownership of the problem
situatic But what are the guideLines? What types of things can you do that might help achieve the
goals?

Brainstorming, individually or in groups, is often used to develop a list of resources (guidelines)
or potential activities you might carry out to solve a problem. For example, teacher software piracy
might be reduced by an informational program, providing money to buy enough software, threats of
dismissal, and so forth. Further exploration would be needed to determine if these options were
actually available to the problem solver.

Steps in Problem Solving

In this section we List a sequence of steps that may be followed in attempting to resolve a problem
situation. Often we carry out some 01 ,he steps quite automatically with Little conscious thought. But
it can be quite helpful to consciously think about cach step in problem situations that seem to be
giving us trouble. (Here we are assuming the Ownership condition is satisfied; that is, you are
interested in resolving the problem situation.)

1. Work with the problem situation until yoL. have converted it into a well-defined problem; that
is, until you have identified and understood the Givens, Goal, and Guidelines. This first
step is a creative, higher order thinking process, which often involve considerable
knowledge as well as a good sense of values. Two different people, when faced by the same
problem situation, may come up with quite different well-defined problems.

2 Select and/or develop a procedure that is designed to solve the problem you have defAed.
This is an information retrievth and/or creative thinking step. Usually it involves botn;
computers may be useful in retrieving needed information. (We will discuss the idea of
procedure mote in the next section of this Chapter.)

3. Execute or cause to be executed the steps of the procedure. Sometimes this will be a
mechanical, nonthinking activity, where speed and accuracy are desired and computers may
be qui;c! useful. (The executions of many mathematical procedures falls into this category.)
At other times the execution of a procedure will require the best of truly human skills. (The
work of a good psychotherapist falls into this category.)

4. Examine the results pro,:nced in Step 3, to determine if the problem you dermed in Step 1
has been solved. If it has been solved, go on to Step 5. Otherwise, do one of the following:

a. Return to Step 3 and recheck your work. People and machines sometimes make
mistakes.

b. Return to Step 2 and determine another approach to solving the problem you have
defined.

e
t 3
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c. Return to Step 1 and determine another problem to be solved.

d. Give up, or seek help fiom others. The problem might not be solvable, or it might be
beyond your abilities, or it might be beyond the efforts you are willing to make at this
time.

5. E nine clic results produced in Step 3 to determine if the original problem situation has
bL satisfactorily resolved. If it has, you are done. If it hasn't, do one of the following:

a. Go to Step 1 and determine another problem to be solved.

b. Give up, or seek help from others.

Problem solving research suggests that students benefit from learning and practicing the above
five-step approach to problem solving. It is applicable over a wide range of disciplines and
problem-solving situations. Notice that success is not guaranteed, but that persistence increases the
likelihood of success. Note also the personal nature of the five-step approach. Problem solving is a
personal thing, and personal values are often central to a problem fituation.

What is an Effective Procedure?

When you are able to solve a particular type of problem routinely or automatically, you have
developed one or more procedures (algorithms, detailed sets of directions, recipes) for this type of
poblem. Computer scientists are deeply concerned with developing procedures that tell a computer
how to solve a certain :.ategory of problem. We will use the phrase effective procedure in discussing
the idea of a procedure that can be canied out in an automatic, nonthinking, computer-like rrode.

More formally, an effective procedure is a detailed, step-by-step set of instructions having the
two characteristics:

1. It is designed to solve a specific problem or category of problems.

2. It can be mechanically interpreted and carried out by a specified agent. Here the term
"mechanically interpreted" means in a machine-like, nonthinking manner. Computer
scientists are interested in situations where the agent is a computer or a computerized
machine such as a robot.

Computers are important because they can rapidly, accurately, and inexpensively execute many
different procedures. The number of such procedures continues to grow very rapidly through the
work of researchers in all disciplines, computer scientists, and computer programmers. Thus, an
understanding of the concept of effective procedure is generally considered to be an important part of
computer literacy, and it certainly lies at the heart of having a general uaderstanding of roles of
computers in problem solving.

Roles of Computers

In this section we briefly examine each of the five steps one might follow in iesolving a problem
situation. Our intent is to point out roles of computers in each step and to briefly discuss possible
curricular implications.

The first step is to understand the problem situation and work toward having a Nell-defined
problem. This is a thinking step , drawing on one's general knowledge as well as specific
information about the problem situation. That is, both a broad general education and in-depth
knowledge about the specific situation are aseful. Many educational lcaders argue that a broad liberal
arts education is useful in understanding and critically examining the wide range of problem
situations one encounters in our society. Values education plays an important role here _ :ause the
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process of developing a well-defined problem from a problem situation often depends heavily on
personal values and views.

Computer-Assisted Learning (CAL) is of growing importance in acquiring education for
understanding problem situations. Research evidence strongly supports the contention that students
gnerally learn faster in a CAL environment than they do in a conventional instructional environment.
There is strong research evidence that CAL is a cost effective aid to students. The evidence is
strongest in the acquisition of factual knowledge, or at the lower-order level of Bloom's taxonomy.
Computerized drill and practice works!

The second step if to select and/or develop a solution procedure for the well-defined problemyou
have produced in the first step. You might select and retrieve a solution procedure fromyour head.

As an example, the problem might be to determiue the number of cubic yards of concrete needed
for a patio that is to be 12 feet wide, 15 feet long, and 4 inches thick. A procedure to solve this
problem involves conversion of units, multiplication, and division.

Sl: Convert 4 inches to feet (by dividing it by 12).

S2: Multipl) .he three dimensions (each :liven in feet) to find the number of cubic feet in the
patio.

S3: Divide the answer produced in Step 2 by 27, to convert it to cubic yards.

It is important tu realize that there can be many different procedures for solving a problem. Here is
another approach to solve the patio problem:

Sl: Convert all measurements to yards. This involves dividing the measurements given in feet
by 3, and dividing the measurements given in inches by 36.

S2: Multiply the three dimensions (each given in yards) to get the number of cubic yards of
concrete needed for the patio.

The mental selection and/or development of a solution procedure is a thinking process. One can
gain skill in this thinking process through pracdce. Computers can be used to create practice
situations. Many simulations or simulation/games art designed to provide practice in this problem
solving step.

An alternative to retrieving a procedure from your head is to retrieve it from a library, which may
contain books, periodicals, films, andso forth. Many libraries have replaced their card catalogs by
computerized card catalogs. Moreover, much of the informadcn needed is now stored in computers.
One of the defming characteristics of the Information Era we are now in is the growing .1 tilability of
information and the growing technology to aid in information retrieval. It is clear that coinputers are
very important in retrieving procedures for solving problems. This strongly suggests that all students
should learn to make use of these aids to information retrieval.

Me third general step in resolving a problem situation is to execute or cause to be executed the
procedure from the second step. As we have indicated, some procedures require a "human tout.h.
Others can be executed mechanically, in a nonthinking fashion. A large and rapidly growing number
of procedures can be executed by computers or computerized machinery.

If a computer can execute or help execute a procedure, what aspect ; of .iis procedure do we
want people to learn to do mentally, assisted by pe ;il and paper, assisted by noncomputerized
machinery, or assisted by computerized machinery? This is a very difficult question, and it wdl
challenge our educational system for many years to come. The answer that seems likely to be widely
accepted is that we want students to have a reasonable understanding of the problem being solve 1
and the capabilities/limitations of the computerized procedure. We want students to remain in control.
but we want them to work with computers rather than in competition with ...omputers.
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The fourth and fifth steps in resolving a problem situation :equire examining the results of your
work to determine if you have ...acceeded. These steps require critical thinking, drawing on your
understanding of the initial problem situation t....nd the steps followed in resolving the situation. These
are higher-order mental activities.

The research literature on problem solving strongly supports the idea that people get ' etter
problem solving if they study the processes of problem solving, learn to use aids to problem solving.
and practice problem solving. This suggests that students should learn to use computers as an aid to
problem solving in disciplines for which computers are an useful aid. They should practice solving
problems, making use of computers when their use is appropriate to the problems being solved.

Software

In a broad sense, all computer software can be considered as problem solving software. But
when we diink of preparing teachers and/or students to deal with computers in schools, problem
solving software tends to fall into three main categories:

1. Programming languages such as assembler, BASIC, C, COBOL, Logo, Pasca! and Pilot.

2. Application packages, such as a graphics, spreadsheet, or database package. Some
application packages are useful across many disciplines, so we call them "generic." Others
are useful in quite limited contexts (such as software for writing music).

3. Simulations/games specifically designed to he.p students learn specific problem solving
techniques.

There are hundreds of programming languages. In all cases the intent is to make it possible for
human to communicate with a computer. Usually a programming language is designed to meet the
needs of a particular category of computer programmers. For example, BASIC was originally
designed for college studelts, COBOL was designed for business data-processing programmers,
and Pilot was designed for writing Computer-Assisted Instruction materials.

In all cases one uses a programming language to specify procedures to solve certain categories of
ph)blems. This is a very important concept. The writing of a computer program to solve a problem
requires both a knowledge of a specific programming language and skill in developing procedures to
solve problems. The latter is called procedural thinhng and is generally considered to be an
important component of computer literacy. Skill in procedural thinking is independent of any
particular programming language. Indeed, one can develop a high level of procedural thinking skill
independendy of whether computers are available or whether computer programming is used to
represent the procedures.

Computer-in-education leaders have not reached consensus as to which students should receive
instruction in computer programming, at what grade levels, or using which particular programming
language(s). For example, many school systems have i.ided to provide instruction in Logo to all of
their elementary school students. Other districts have decided to include some BASIC in a junior
high or middle school computer literacy course requirei of all students. Still other school districts
have decided that computer programming is best left s an elective course, perhaps mainly available
to secondary school students who have had a reasonably strong mathematics preparation.

Applications software may be generic (uselul over a wide range of disciplines oi iem areas)
or it may be quite specific to the problems in a partkular cl;scipline. A co.nputer graphics package is
useful over a wide range of disciplme., while music zornposiion software has much more limited
applicability. A trend has begun to emerge, and it seelas likely to continue. Many school districts
have decided that all students should learn to use a variety of generic applications software. The use
of such software will be integrated into the total curriculum. Liitial instruction may be in a variety of
courses at a variety of grade levels, or it may be concentrated into a single computer literacy course.
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At the same time there is growing realization that each discipline has its own applications
software. Thus, as students study a discipline at a higher and higher level, they need to receive
specific instruction in use of the applications software of the discipline. Thus, two types of computer
literacy are emerging. A computer literate student uses generic computer applications software as
appropriate in working with probiems in every academic area. As a student progresses to higher
levels or greater depths in any particular discipline, the student becomes more and more computer
literate within that specific discipline.

For example, a student who takes college preparation courses in chemistry and physics shuald
be learning quite a bit about applications software specific to the fields of chemistry and physics.
Microcomputer-based laboratory (MBL) software falls into this category.

There are many general purpose problem-solving techniques. For example:

1. Plan ahead, anticipating the consequences of proposed actions.

2. A large, complex problem can often be solved by breaking it into several smaller, less
complex problems.

3. It is often hepful to draw a picttue or map, or in some other manner graphically represent
the problem under consideration.

4. It is often helpful to write down the steps you take in an attempt to solve a problem.

Many different simulation/games software packages have been developed to give students
practice in particular problem solving techniques. Research into the value of such software is sparse.
The main difficulty seems to be the issue of aansfer of learning. For a particular simulation/game, it
is evident that students get better as they practice using the software. That is, they get better at
applying particular techniques in the context of the simulation/game under consideration. But there
appears to be relatively little transfer of the techniques to other problem solving situations. It seems
likely that the teacher plays a very important role in helping to increase such transfer of learning. A
teacher can provide a wide variety of examples, suitable to the academic level and interests of a
particular student, where the techniques are applicable. A teacher can help encourage students to
apply the problem solving techniques they have studied to the variety of problems they encounter
throughout the school day.
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3.1
Preliminary Planning and Activities

This section consists of some general ideas followed by the project staff in setting up the
workshops. Although some of the ideas are useful primarily to people who are working in a
relatively formal environment such as a funded project, others apply to any inservice activity.

Many inservices are open to all educators in a district or region, perhaps subject only to :ertain
prerequisites. But research on effective inservice points to the value of peer support within a school
or department. Thus, there is considerable merit in having a number of participants from a single
school. The NSF project set guidelines of having at least 3 5 or more participants from each
school, including a school administrator. While it was not always possible to adhere to these
gui2elines, they served as an aid in the participant screening process.

Needs Assessment

The starting point for planning an inservice is to determine the need(s) that will be addressed by
the inservice. (That is, what educational problem is being attacked 'hrough the inservice?) Chapter
1.1 discusses some of the needs that an inservice might address. The question is, how are needs
determined?

Ideally, a school district wouid have a carefully developed long-range plan for instaictional use
of computers. Detailed information on the development of such a plan :s given in Moursund and
Ricketts (1988). The appropiiate development of such a long-range pian involves participation by
all of the stake holders. Thus, teachers, school administrators, parents, etc. all have ample
opportunity to provide input.

A long range plan calls for certain actions to be taken. Generally, these actions will include
acquisitiori of computer facilities, acquisition or development of software, courseware, and
curriculum materials, a staff development. That is, the process of developing a long-range plan
can play a major role in doing a needs assessment for a computer inservice. One merely points to
the long range plan and says "We need to du this particular inservice because of the key role it plays
in implementation of the plan."

There are, of course, other approaches to needs assssment. And even if one has a well done
long-range plan, these other approaches are useful ant. should b; followed. Generally speaking, a
needs assessment should be done using both a bottom up and a top dawn approach. The bottom up
approach is to obtain information from the peop..... who are to be inservicd. The top down approach
is to obtain information from the administ-ators of the people who are to be inserviced. Such
information can be obtakied by personal interviews, use of questionnaires, informal conversations,
etc. Part 5 of this Notebook contains some needs assessment instrumentation.

'
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The needs assessment will answer a variety of questions such as:

1. What are the demographics of the group of potential participants in the inservice?

2. What level of interest is displayed by the group of possible participants?

3. What are suitable m ing times, places, length of sessions, and number of sessions for the
potential participants?

4. What incentives, such as college cr-Aiit, release time, improved access to computers in their
schools and classrooms, etc. are needed to secure there will be an appropriate number of
participants?

5. What is the level of support from the administrators of the potential participants? Does this
level of support include release time for teacher:, appropriate materials, appropriate staff
support to develop and conduct the inservice, etc? Does it include making appropriate
computer facilities available to the participants in their schools and classrooms during and
after the inservice? Does it include actually participating in some or all of the inservice
sessions themselves?

Staffing

Most people who organize and present inservices are trained and experienced teachers. But
facilitating an inservice is quite a bit different from teaching a class of precollege or college students.
Also, the inservice participants will all be educators themselves. Educators ext.-tot that the inservices
they participate in will be models of excellence. They are not very tolerant of poor organization and
teaching. Moct teichers find that teaching teachers is much more difficult than teaching other groups
of students.

We have two recommendations. First, don't attempt to do a hands-on insen ice (such as
discussed in this Notebook) without an assistant. Your assistant may be someone you are helping to
=in as an inservice facilitator or a computer coonlinator from oae of the schools participating in the
inservice. Once participants get into a hands-on mode, there will be many more questions than a
single facilitator can handle. Of course, having participants work in pairs will help somt ,
Emphasize that participants are to work quite hard to discover the answers to their ques .ons before
they seek help from the workshop facilitator or assistant.

Second, plan to spend at least 8 - 12 hours preparing for each two-hour inservice. Many
t achers are used to planning a whole day's teaching in an hour cr so. But a staff development
workshop is quite Efferent. Here you will be working with your peers, and you want to do an
excellent job. Here also you are doing something newyou have not offered the workshop a
number of times before. It will take a lot of hard work to be adequately prepared to facilitak the
workshop sessfons.

Some Initial Ideas

Let's assume you have decided to conduct an inservice and that you have a general topic and
audience in mind. You do a needs assessment and conclude both that you will be able to obtain
apompriate participants and that you will have appropriate administrative support. You have a staff
(it might be only a part-time secretary, a volunteer, or members of a district computer committee)
who will be involved in the overall planning and implementation process. You have selec,ed an
assistant who will help during the inservice presentations. You have a good idea of how the
inservice will contribute to accomplishing the district's overall plans for computers in education.
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The following list of ideas may help you as you continue the planning and development of the
inservice.

1. Meet with your staff early and often. I-laNt them participate in the overall planning process
as much as possible. This helps to keep thtm informed (so they cm respond to telephone
inquires when you are not available, for (.xample) and increases theit "ownership" in the
overall task.

2. Establish guidelines for selecting t.`..7.e schools and individuals who will participate. Check
these guidelines with the funding, agency or group responsible for making the inservice
possible. If you are not the computer coordinator for the region to receive inservice, check
with the computer coordinator.

3. Communicate with the potential participating schools and individuals. This may be done via
a combination of mail (regular and electronic), announcements in newsletters, phone calls,
and direct contact. Indicate generally the desired nature of school and individual
participants, and indicate where and when z-41 infonnation meeting will be I. ld.

4. Prepare for and conduct the information meeting. You will want to have a handout
containing key information that possible individual and school participants need to know,
which may include appropriate application forms. Hold the informational meeting early, so
that possible participants from each school will have time to have an in-school meeting to
decide if they will participate.

5. If you are giving university credit to the participants, make sure you have everything
coordinated with the university or college as well as the school district(s). This process can
take some time, so begin early.

6. Your inservice will use of a variety of software. You will need mul6ple copies and/or
permission from publishers to do multiple loading. Make sure that you begin the process of
obtaining the software and/or permissions early enough so that this task is completed well
before the inservice is scheduled to begin.

The choice of software can be a major decision. Should you use software readily available
to teachers, or should you use the "latest and greatest"? An inservice must be grounded in
reality. Thus, much of the softwaie used should be software to which teachers have easy
access. But an inservice should also be forward looking. Thus, it is appropriate to use
some software that may be new to teachers in your school or district.

To a large extent, the NSF project used software from the Minnesota Educational Comput-
ing Consortium (MECC). This was done because such software is in wide use throughout
North America and because it was available in the -hool district where the inservices were
being conducted. However, vve also obtained multiple copies of some software on loan
from certain vendors, and we obtained permission to do multiple loading from certain other
vendors. Our experience was that vendors are Nery supportive of staff clevelopment efforts.

7. Your inservice may make use of print materials that will ne.d to be ordered from publishing
companies or reproduced. It can easily take a month to obtain print materials from a pub-
lishing company, begin this process well in advance of the starting date for your inservice.

8. Think about where and when the inservices are to be conducted. From the point of view of
the inservice organizer, it is easiest to conduct all inservices at one central site, and to hold
them at a time that "seems" convenient to the organizer. However, participants may gain
more ownership and overall involvement if the inservices are conducted in their schools
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This involves holding inservices at a number of different sites with varying equipment
facilities. It involves holding inservices at a time that the potential participants have
indicated fits their needs.

Miscellaneous Suggestions to Inservice Facilitators

1. At the first meeting of the inservice, be well organized. Have name tags available, approp-
riate refreshments, etc Be efficient and business-like. If appropriate, provide each partici-
pant with a list of the names, addresses, and phone numbers of the participants and the
facilitators.

2. At the first meeting of the inservice you will most likely want to have a number of things to
hand out. These might include:

a. A notebook for participants to keep materials in, with colored paper or dividers to
separate the lessons.

b The types of materials illustrated in this Notebook. (Some inservice facilitators prefer
to hand out all materials during the first session, while others prefer to hand clit each
session's materials at the start of that session.)

c. Other print materials, such as books, that participants will need during the inse:vice.

d. Some software, if it is appropriate. For example, there may be some exc,!lient public
domain software that is suitable for participants in the inservice. Participants like to
receive free materials.

e. A syllabus for the inservice.

3 Much of the material you hand out may be forms that you want participants to write on
during the inservices. If so, make sure participants know that extra copies of these pages
in the Ilqndout can be "ordered" from you so that they feel free to write on them during
the cessions. Have a form available to them, so they can order copies as needed, or just
pnwide them clxtra copies in an automatic fashion.

4 The computer is a powerful tool and a powerful change agent in education. Both the overall
educational system and individual educators are (in general) resistant to change. The in-
service facilitator should deal openly with change processes and resistance to change. This
should be a reoccurring theme i: the debriefing at the end of each activity. Spend some time
thinking about educational change. How do you feel in yo.r role as a facilitator of change?

Student/teacher modes. The style of inservice described in this Notebook has the partici-
pants sometimes play the role of "students" and other times play the role of "teachers."
Make the participants aware ihat at times they will be students and at other times teachers
during the inservice sessions, and why the inservice is designed in this way. This
switching of modes can bc confusing, so make it clear when you are having paiticipants
switch roles.

6 The style of inservi-...e described in this Notebook is heavily oriented toward discovery
based learning. Be aware that relatively few teachers are comfortable with discovery based
learning. Think about why discovery based learning is particularly appropriate in computer
education and in this inservice. Raise this as a topic for discussion quite early in the
inservice, and raise it several additional times during later inservice sessions.

1 e,
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7. Transfer of learning is a very important idea in computer inservices. The goal is that
participants will take ideas from the inservice and implement them in their classrooms.
Raise this as a topic for discussion during the first inservice session and brhig it up again at
subsequent sessions. It is quite appropriate to ask in the second and subsequent sessions
"Would one or iou please share with us some classroom uses you made this week of the
ideas that we covered in the last session?" Do everything you can to encourage such
immediate implementation and the sharing of successful implementations.

8. Keep in mind that problem solving is a central and unifying theme in the inservice and is
the main reason why computers are coming into schools.

a. The computer-as-a-tool is essentially the computer as an aid to problem solving.
Problem solving should be a central theme in every activity and in every debriefing.

b. Many of the change,: that may occur as computers come into schools are chanr- that
could/should occur even without computers. A typical example is increased emphasis
on problem solving in math and decreased emphasis on rote computation. Another
example is increased emphasis on the overall writing process (process writing) and
less emphasis on the mechanics of writing, such as spelling and grammar.

9. Prepamtion time. (Here we are repeating some ideas given earlier in this chapter, because
they are particularly important.) The novice inservice facilitator may wonder how much
work is involved in preparing to facilitate a sequence of inservice sessions. Of course, a lot
depends on the standards the person sets. Also, the time depends heavily on the overall
knowledge of computers, computers in education, the subject discipline of the teachers to
be trained, and the software to be used. The experiences of the NSF graduate assistants
who did almost all of the presentations during this project have s' 'wn that even a highly
qualified inservice facilitator can easily spend 8 12 hours prepz 3 for a two-hour
inservice. (Note: It doesn't take nearly this long to prepare for su' :quent presentations of
the same inservice.) Access to materials such as those in this Noteaocl, can decrease
preparation time somewhat and can add to the overall quality of an inservice. But to a very
large extent, the quality of an inservice depends on the quality, experience, and preparation
of the facilitator.
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3.2
Sample Timeline Outline

The final format of the NSF inservice sessions dAcussed in this Notebook was a seq Ice of
two hour staions. The sessions were held immediately after school, typically from 3:30 5:30 or
4:00 - 6:00 in the afternoon, one day per week.

Through careful thought, trial and ermr, and experience, we gradually developed a Sample
Timeline for die organization of a two hour session. In essence, this Sample Timeline consists of a
model for a one hour session, and the model is followed twice for a two hour se 'ion. This way of
building longer sessions from a one hour session can be further extended to stit iger inservice
sessions.

The outline given below suggests specific amounts of time for the various parts of an inservice
session. However, flexibility is important. The actual time spent on any given activity will depend
on the activity, the facilitator, and the participants.

Minutes allotted Activity

10 Starting activity. Have participants either work on an off machine
activity or on the computers with software that is fairly self-explanatory.
Make use of an appropriate Performance Aid.

5 Debriefing of the above activity.

25-35 First major activity for the session. This is time for the participants to be
on the computer. It can be a more in-depth continuation of the starting
activity, or it can be a new piece of software.

10-15 Debriefing of the above activity.

10 A short break for stretching, coffee, cookies, other refreshments, and
informal conversations. Generally speaking, there is never enough time
to accomplish the aims of an inservice program. Don't let the break time
stretch too much!

30-35 Second major activity. Again, participants will be using the computer in
most such activities. However, sometimes off machine activities are
quite appropriate.

10-15 Debriefing of the second major activity.

10 Closure. Summarize what was accomplished during the day; any
additional comments from the pariicipants or yourself; ti...ails of the next
meeting.

This general outline is only meant to serve as a starting point for organizing a two Jour sessif.,ii.
There ma, ')e cftrtain sessions where the debriefing and discussion is of mom importance than
hands-on time. In those cases the facilitator should adjust the schedule as necessary. In other Lases
an off-machine activity may be more appropriate than a hands-on activity.

A key concept in the CP model is a discovery-oriented approach. Most inserv ice facilitators are
quite used to delivering lectures that cover a give a body of material. But the amount of straight
lecture time in a two-hour session such as outlined above should probably be less than ten minutes!

r".
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Rather than lecture, the inservice facilitator facilitates. Participants spend the bulk of their time In
two modes. The first is a hands-on mode, usually working in groups oi two at a machine. This is a
learn-by-doing environment. Participants art encouraged to answer thei: o vn questions by :1
combination of trial and error, reading the Performance Aids and other Iluitouts, and asking each
other. When the inservice facilitator must ;-,ervene, it should be as a facilitator rather than as an
answer prvvider.

The second major participant mode is group discussion, sometimes in small groups and
sometimes in a whole-class group. Many teachers have had relatively little experience in facilitatinb
small-group and large-group discussions. (A good way to gain experience is by working with a
group of educators. This is because once a facilitator gets educators started talking, it is hard to get
them to stop!) A good rule of thumb is that the facilitator should talk less than half of the time
during a group discussion.

The group discussion debriefing sessions must lead to discovery or reiteration of the major
points covered. Thus, the facilitator must have these points in mind. As pardcipants make
,omments that relate to the major points, the facilitator must seize these opporamities to make sure
that these points have been discovered and comprehended by all participants. Initially, many
inservice facilitators find that this is harder to do than to just delivering a straight lectur %It, with
practice, it becomes an enjoyable and relatively easy mode of instruction.

of,
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4.1

Session1: Hypothesis Testing Using a
Computer

4.1.1 Narrative Overview

Introduction to the Computer-Integrated Instruction Inservice Science Sessions
This section of the Notebook contains more than enough material for eight two-hour insen ice

sessions for secondary school science teachers. The material presented here is the outcome of a
substantial amount of planning effort and has been pilot tested twice. The first pilot test led to major
changes. The second pilot test suggested some additional changes. The materials given here w I
provide you with a good starting point for developing an effecfive science inservice to meet the
needs of your science teachers. That is its intent. It is not intended to be an inservice that can be
picked up and used without thought.

All the materials developed for this Notebook demonstrate an instructional strategy
emphasizing generation and testing of hypotheses using generic (that is, general purnose) compute_
applications (database, graphing, spreadsheet, word procsing). Take a look at Figure 1 on the
iiext page. It summarizes the scienc kills that science educators focus on in the classes they teach.
Notice the central role of generating and testing hypotheses.

To a great extent, these inservice materials are intended for use in a "hands-on" environment.
However, quite a bit of the inservice time was spent in discussions ("debriefings") of the hands-on
activities. Each computer application was introduced to participants in the following manner: (a)
demonstrate an Instructional strategy in a highly structured manner, (b) break down the strategy to
demonstrate prerequisite skills, and (c) allow the participants time to learn the application in the
context of the instructional strategy.

The CI3 inservice model recommends the following organization for a two hour session. S tart
w ith an activity. Hands-on computer activities were extremely successful in pilot studies. Follow
the activity with a debriefing, and then have a 10 minute break. Following the break, debrief the
Game of the Week. The rest of the session, concentrate on the second major hands-on activity and

debnefing. During each debriefing, make explicit the instructional strategy demonstrated.
Encourage participants to discuss why they would choose or not choose to use the instructional
strategy in the science ciassroom. During the discussion, point out as often as possible how generic
computer applications facilitate instructional strategies that incorporate process skills (organization
of data, interpretation of data, observational skills, generating and testing of hypotheses).

The CP project decision to develop materi-- using an integrated software package on the
Mjcir sh nticrocomputer allowed us to demons. ate the full power of software tools. The fact that
the materials in this Notebook are Macintosh based may require you to modify materials to conform
to local hardware and software resources.
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Feedback from our pilot studies suggests additional modifications. (a) increasing the number ot
sessions devoted to each application, (b) ii :teasing the time allocated for each session activity, (c)
demonsu-ating how to use each application 'n a large group mode (one computer with large screen
display), (d) including time for participants o develop one complete lesson for each application and
to demonstrate the lesson to the inservice puticipants. That is, the National Science 1:oundation
development and pilot testing of the eight sessions given in this Notebook indicate that they min
far too much material for the time that was allocated to them. The inservice would be improved by
either covering only part of the materials in this Notebook or extending the length of the inservice.

The materials in this Notebook were designed and developed with the knowledge that
integration of computers into the science curriculum is a difficult and lengthy process. Research
suggests that teachers with positive attitudes towards computers are more willing to use them than
teachers who have poor attitudes toward computers. To maximize the development of positie
attitudes in our inservice participants, all activities were designed to provide practice in a smau bet of
skills the project ass, i the participan:s would value (refer to Figure 1). Pilot studies validated
our assumption. It is our belief that teachers are more likely to devote the time and energy necessary
to learn a complex techrology if they believe it will be valuable to their students.

Science Skills

Communication of Results

Data Collection

Data Organization

diagram
chart form
picture

Generating and Testing Hypotheses

Interpretation of Data

charts/diagrams
graphs
calculations

Observation

Figure 1: Process Skills Emphasized in CI3 Science Activities
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Overview of Session 1
Session 1 is designed to. (a) help participants and staff become acquainted with one another,

(b) conduct an informal needs assessment if a formal one has not been pcssible, and (c) introduce
participants to the philosophy of the CI3 inservice model and materials. The design of this first
session reduces the time participants spend in a hands-on mode. Please note that this is the only
session where hands-on activities are not the primary component.

The time allocated for becoming acquainted is variable and is based on the trainer's judgme, t of
the relationship he/she nas established with participants. If you feel that a congenial and comfortable
professional relationship exists, reduce the time. However, if you art unfamiliar with the
participants or have not conducted a formal needs assessment, allocate one quarter of the first
session to getting acquainted.

Why spend a quarter of the first session getting acquainted? Unless you have conducted a
needs assessment prior to the nservice, it is d;fficult to accurately jut:be the perceptions and
expectations of the parti44Lits. This inform ition is important because participant objectives
influence their reactions to the inservice. If participant objectives are different from yours
(frequently the case with computer inservice), address the issue immediately. This helps create an
atmosphere where participants accept a wait-and-see attitude before making judgments (either
positive or negative) about the goals of the inservice. Remember, integrating computers into the
curriculum requires substantial investments of teacher time and effort, and the immediate benefits
are not always apparent. Teachers, staff development personnel, and administrators must have a
strong long term commitment to educational compudng to make it tltrough the adoption and
implementation stages.

Inservice participants highly value the personal contacts they n.ake duri c, inservice sessions.
They often build personal contacts that provide collegiality and intellectual support that lasts long
after most of the content of the inservice is forgotton. Thus, it is important to provide time and an
appropriate environment so that participants can get to know each other quite well.

One approach to facilitate - .g acquainted is the use of an informal needs assessment. It
takes time, but is recommended even if a formal neeth assessment has been conducted The
procedure is simple. Have participants pair up with someone they do not know. Instruct the
participants to take two or thre. ...nines to introduce themselves, including the reasons they are
attending the inservice. Inform earticipants that following the introduction period, they will
introduce their partner to the rest of the gioup. As the introductions take place, list on the board or
the overhead the reaso.is for attending the inservice. Use the list to point out individuals with similar
obje.ctives. This information is valuable for the following reasons: (a) it en..ourages the formation of
peer groups outside of the inservice, (b) it can be used as data in a needs assessment for planning
future inservice, and (c) it provides descriptive baseline data regarding teacher perceptions,
necessary to measu behavioral changes during follow-up evaluation.

The CI3 inservice model stresses using teachers' previous knowledge and linking computer
activities te kills participants already value. Use the Scienc: Skills handout during the first
debriefing period to bcilitate this type of linkage. Pilot testing of this handout has validated that
science teachers believe LJ.. ability to organize and graph data, generate hypotheses, and develop
strategies to test hypotheses, increase the likelihood that a student will achieve sus.cess in scient.e.
Research indicates that when teachers believe a teaching strategy has the potential to increase student
achievement, they are more likely to use it. The major goal of Session 1 is to develop positive
teacher attitudes toward using database software to teach students how to organize and graph data to
generate and test hypotheses.

A ctivity 1 and 2 (Organizing and Graphing Data to Answer Questions Part I and H) illustrate
how reorganizing and graphing data can be used to test hypotheses. Participants in both pilot
studies confirmed that students spent little classroom time practicing these process skills. The
debrief of Auivity 1 should open with this point. In a supportive fashion, have teachers explain
why they do not engage in this type of instruction. (Of course, the participants :n iur inservice
may be the exception, and thus already engaged in the desirable style of teat-hmg.) List the
difficulties on the board. Encourage teachers to discuss how computers, databases, and acti hies
such as the one demonstrated provide teachers with new tools that can eliminate some of the
difficulties listed.

'
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Session 1 activities also demonstrate how to introduce teachers (and later La students) to a
delivery system (the computer and database program) and a potentially uncomfortable teaching
strategy (guided discovery). To reduce anxiety, the activities are highly structured and concenirate
only on demonstrating hypothesis testing using a computer and database program. The activities are
not designed to teach participants mastery of database or computer related skills. This is a key idea.
The amount of inservice class time is not adequate for participants to master the software. In
addition, it is essential to spend a great deal of this time discussing classroom applicItions and
implications of the computer scftware. The inservice class time is aiequate to get participants started
in using the software, but they will gain mastery of it only through a great deal of work on their
o.wn outside the inservice meeting times.

The Performance Aids (Organizing and Graphing Data Part I and II) are designed to move
participants (with little or no computer experience) through the activities with as little difficulty as
possible. As participant comfort level and confidence increase, the design of database acti.,ties
changes. The activities become less structured and more open ended, and are designed to provide
participants with practice in specific database operations (searching and sorting).

End the debriefing session by discussing why the smictured activity model is an appropriate
way for introducing students to the concept of generating and testing hypotheses using a computer
and database program. Remind teachers that their students may not feel comfortable with this
learning environment. One major barrier to educational change through inservice education is that
studerts themselves often actively resist change. The teacher implementing new ideas into the
classroom must be prepared to deal with this resistance.

Students are used to a system of instruction where typically there is one correct answer.
Introducing Computer Integrated Instruction (CII) acth ides necessitates creating an atmosphere
with these characteristics: (a) teacher and student work in a cooperative relationship, (b) studeL, are
encouraged to be risk takers, and (c) the process of arriving at an answer is valued more than the
correct answer. Structured activities are designed to develop participant (and later on student)
comfort in this new instructional setting.

Teacher/student access to computers varies with the school district, so the session ends with
an off-computer activity demonstrating how to reorganize and graph data to generate a test
hypotheses. Brainstorm with teachers to identify additional off-computer activities that L.an be used
to introduce database concepts, provide practice organizing data to test hypotheses, and as activities
for some students while the rest work it the computers.

The Game of the Week is an oper. ended off-computer activity. It is designed to accc Ash
two objectives. One, it demonstrates how organizing and graphing a collection of data caii oe used
to generate and help confirm or deny hypotheses. This type of instruction is the most powerful use
of either a chart or electronic database in the science classroom. Two, The Game of the Week
demonstrates how teachers an provide students practice using a databas.., operation such as sorting
when computers are limited. This type of activity can be used by half the class while t' : others are
engaged at the computers.

A recommended modification of Session 1 is to require participants to write a lesson plan using
the activities demonstrated. This may help you to detect teachers who are likely to use databases
only to look up information. This is a common problem. People frequently use a new tc ., in this
case the database, in a manner similar to the one it replaces, in this case a chart. In a supportive
manner, make explicit the importance of using th:t power of the new tool to accomplish new
objectives. In summary, if the objective is to look up information, use a chart. However, if the
objective is to develop student mastery in reorganizing and graphing data to identify patterns or
trends, help confirm or deny hypotheses, and generate new hypotheses, use a computer and
database program.
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4.1.2 Script

Theme

Objectir es

Reorganizing data to generate hypotheses and using tlectro&c graphing tu test
hypotheses.

1. Develop positive teacher attitudes toward using database sothvare to teach
how to organize and graph data to generate and test hypotheses.

2. Illustrate graphing capabilities of a computer as a teacher tool.

3. Use visual representation of numeric data to confirm or deny hypothesis.

4. Help participants and staff become acquainted with one another.

5. Familiarize participant; with the philosophy cf the CI3 inservice model
and materials.

Materials Software Hardware
Microsoft Works Program disks One Mr intosh per two participants
Microsoft Works. Data disks 8001: external dives or hard disks

Several printers

Handouts
Participant Objectives
Activity 1: Organizing and Graphing Data to Answer Questions Part I
Science SIdl ls
Activity 2: Organizing and Graphing Data to Answer Questicns Part D
Session Descril. dons
Glossary
Quickstart Ready Reference Guide to FrEdWriter
Game of the Week
Participant Log

Resources overhead projector notebooks
overhead markers name tags
Science Skill transparency refreshments

Setup Prior to participants' arrival set out the following
participant notebooks

- name tags

Intro As participant's arrive, have them pick up their ime tag and notebook.
5 minutes Instruct participants to open the notebook to pat I and complete the Partici-

pant Objective Sheet. The Participant Objective Sheet btcomes part of the
formal evaluation of the inservice. Collect these before going on to Activity 1.

Activity 1 Purpose: Using a Computer to Generate and Test Hypotheses is designed to.
20 minutes 1) inroduce teachers to a delivery system composed of a computer and a da,,-

base Irogram, 2) demonstrate huw to use a computer .1 reorganize and gra.1.1
data t . generate and b...3Z hypotheses, 3) familiarize p .cipants with the opera-
:,on of the Macintosh interface, and 4) demonstrate a process approach to
science using the computer.
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Activity 1 is an example of a performance aid. Performance aids are detailed
step by step instruction sheets. The performance aid is written so that
pardcipants with no experience using a computer or the software program can
complete a specific task. Activity 1 is riot designed to help participants develop
mastery in using a database or electronic graphing.

Activity 1 instructs participants to: 1) select a hypotheses to describe a
relationship between two fields of data, 2) visually inspect graphs of the
relationship to confirm or deny the hypothesis they selected, and 3) write
down two or three stntences on why they would choose to use this type of
activity in their classroom.

Debrief Introduce the members of the training and evaluation team. Provide a short
30 minutes resume for each member to establish their credibility with participants.

Have participants work in groups of 2 or 3 to complete the Science Skills
Sheet. Participants will identify and write down the skills required by students
to achieve success in science. Allow no more than 5 minutes for this process.
Ask participants to share the results of this ocercise. Be patient; allow a 7
second response time before calling on someone. Using an overhead projector,
compile a list of the skills they identify. Continue with this process until
someone identifies:

B reak
10 minutes

Activity 2
25 minutes

data organization
hypothesis tesfing

Use this list of skills as the basis of the debriefing. Start by having participants
name the skills that were incorporated in Activity 1. Ask participants to
verbally describe how they currently provide students with classroom practice
of these skills. Encourage participants to name advantages database activities
similar to Activity 1 have over current instructional methods in providing
studtits practice in generating and testing hypotheses. The purpose of the
debriefing is to help participants recognize that Activity 1 is a modification of
what they already teach or would likt, to teach.

Note: The purpose of the activity is not to have participants become proficient
with the operadon of the computer or the software. Keep the debrief centered
on the theme of using different arrangements of data to answer questions.

Make sure that all computers are shut down before the start of Activity 2.

Purpose: The objective of Organizing anti Graphing Data to Generate and Test
Hypotheses is to provide participants ph.,:tice confirming or denying
hypotheses by examining gjaphs of the relationships.

The activity can also be used as a starting point to discuss the use of the
computer as a black box graphing device.

Debrief What insights did participants have about using graOs to confirm or deny
10 minutes hypotheses? WI 1 other topics are appropriate for hypothesis testing? What is

their reaction to the "black box" approach?
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Other discussion topics
facilitation of hypothesis testing in classroom
impact of computer as a tool on science curriculum
limitations of graphing capabilities of Microsoft Works
distortion of data using graphs
need for careful evaluation of computer tools

Closure (This is an exceptionally long closure)
20 minutes Purpose: To wrap up this session.

Discuss the format of the session.
Explain the sequence of future sessions.
Prepare teachers for their roles in planning and sharing what they have learned
with others in their school. Ask permission to circulate participant names, add-
ress, and phone numers. Explain the "Game of the Week" and final project.

Game of One copy of the fish database is attached to the Game of the Week
Week ques don, and p3-ipants can make additional copies. Instruct participants to

take some tim, examine the database. Have the participants generate two
or three questik, .3 not addressed during Session 1 that could be answered by
comparing different fields of the database. Suggest that they think about
reordering these fields in ascending and descending order.

This exercise might be easier to visualize if participants actually cut up the
fields of the data base and physically manipulate them. Encourage participants
to do this. When they have their questions, request they paste the fields in the
arrangement necessary to answer their specific questions.

Final (Discuss if the last session is devoted to participant projects.) The last session
Project will be one to let individuals or goups present their projects. The ideas are left

to the participants. They can be for their classroom, planning a scope and
sequence that can be used across several grades, or inservice ideas for their
own staffs sharing at faculty meetings or with specific teachers, etc.
Provide examples from previous inservices.

Weekly The logs are to be filled out each week.
Log The reason for the log is to help participants keep track of their own actions.

Examples of the type of information to keep track of:
software they used or previewed;
non-computer activities (activities that can also be used
as computer activities later) they have used;
teachers they have shared information with;
development of project ideas;
questions of the presenters.

The log can serve as their note-taking device for future reference.

Closing Groups: If there is time, let teachers from a school form groups. Their
task will be to begin to discuss what they can do to help people in their school.

What are the needs at their school?
How can information best be shared?
This is not a time to complain, but a time to pragmatic and look at how

things can be improved. Teachers may wish to begin discussing project
ideas that could involve school curriculum.
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Omit if time
is a problem

What did you enjoy?
What one idea will you take back to your school and try?
What will you share? It does not have to be a computer idea; it could
be a non-computer activity.
What did you gain from working in groups?
How do you set up groups when you use computers with students?

Non-computer activities are as important as computer activities.

How might you modify today's to use with your students?

Were a variety of auditory, visual and ldnesthetic avenues used in today's
session?

No matter what their computer knowledge, teachers have valuable skills and
ideas that are relevant to using computers in science. Have them share these
thoughts and suggestions.

These inservices are structured to work with groups of teachers from a school
or department. The purpose is to build a support group of people who can
work and share ideas with others in their school.

Describe the sequence (or conteat) of future sessions.

Bye-Bye Make the teachers aware of the large number of things .hey have covered in the
short period of time of the inservice such as:

operation of Mac
booting software
basic operation of database program
science applications.

Encourage them to incubate ideas.

Thank them for their participation.

Think Remind everyone:
Ahead Fill out the logs

Where the next meeting will take place
Discuss who will provide refreshments if not done by the presenters.

Evaluation Did they have fun?
Indicators Did they find one idea to take back with them?

It does not have to be a computer idea; it can
be a non-computer activity.

Did they work in pairs?
Was the desired behavior modeiud?
Did you vary the auditory, visual, and ki.,:esthetic input?
Did you give them respect for the valuable skills and knowledge

they brought with them to the computer?
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4.1.3 Timeline

Generally, there is far more matel 11 discussed in each Script then can be adequately covered
during a two hour session. Also, the Sc. it provides more detail than the inservice facilitator will
want to be reading during the actual faciiitation. Thus, we provide a Timeline, in essence an
abbreviated script or lesson plan, that represents one possible organization of an actual session.

Before participants arrive, have the Microsoft Works Program Disk and the Data Disk at each
computer. As participants entet they will pick up a name tag and notebook. Instruct participants to
open the notebook, complete the Participant Objective and return to the instructor.

0:00 - 0:05
5 min

0:05 - 0:25
20 min

0:25 - 0:55
30 mir

0:55 - 1:05
10 min

As participants arrive have them complete the following:
Name, address, school and home phone, etc. for sharing
Participant Objective sheet

The Participant Objective sheet is part of the formal evaluation. Participants
will write one or two sentences to describe what they hope to accomplish as a
result of c ,mpleting the the inservice. Collect these as participants complete
them.

Participants working in pairs will complete Activity 1. Suggest that
each pair include an experienced and inexperienced corni ..ter user. At the end
of the activity make sure the computers are shut down, but not turned off.
Activity 1 requires participants to:

select a hypothesis to describe a relationship
look at ga-aphs of the relationship to confirm or deny the
hypothesis they selected
write down 2 or 3 sentences c.ri why they would choose to use
this type of activity in their chissroom

Introduce the trainers and evaluation team.
Provide a short resume on each member to establish credibility with the
participants.

Have participants work in ga-oups to complete the Science Skills Sheet.
Participants will identify and write down the skills required by students to
achieve success in science. Compile a list of the skills they identify. Continue
listing skills until participants identify:

data organization
hypothesis testing

The purpose of the Science Skills sheet is to help participants recognize that
Activity 1 is a modification of what they already do. Use these skills as tne
basis of the debrief Have teachers:

name the science skills required by students for success in
science tnat were incorporated in Activity 1
describe verbally how they currently provide students with in-class
practice of the skills incorporated in Activity 1
name the advantages database activities have over their current instruc-
tional methods in providing students in-class practice of these skills

Be prepared to address the pros and cons of allowing students to use electronic
graphing tool, and other technological aids.

Break. Make sure that all computers are shut down before
the start of Activity 2.
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1:05 - 1:30
25 min

1:30 - 1:40
10 min

1:40 - 2:00
20 min

Participants worldng in groups will complete Activity 2. Each group
will load the Microsoft Works Program disk and the Data disk. Groups will.

select hypotheses to describe relationships
visually examine graphs c the relationships to confirm or deny the
hypothesis they selected

If time permits, help participants print out che graphs used in Activity 1 and
Activity 2.

Debrief Activity 2: What happened? What did participart discover by
completing the activity? The d- 'el* should cover:

how database and electronic graphing can to be useu as an instructional
aid for students to pr- e hypotheses testing in the classroom
issues associated with me "black box" approach to graphing
the impact of generic computer applications on the science
curriculum
limitations of electronic graphing
misrepresentation using graphs
best fit curve

Closure: Discuss the following
Game of the Week
Weekly Logs
final projects; handout explanation sheet
meeting place for session 2
1 hour of open lab time following each session
access to trainer outside of inservice meeting time hours
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4.1.4 Handouts

These handouts are needed during Session 1. The facilitator may want to make some of these
int.; overhead projector foils for use during the inservice.

Index to Handouts

Organizing and Graphing Data
to Answer Questions: Part I

Page

2

Skills for Success in Science 6

Organizing and Graphing Data
to Answer Questions: Part II 7

Session Descriptions 11

Science Skills (Handout) 13

Glossary 14

QUICKSTART READY REFERENCE GUDE
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QUICKSTART READY REFERENCE GUIDE
TO FrEdWriter - COMMANDS 18

Participant Objectives 20

Participant Log Sheet 21

Game of the Week 22
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Organizing and Graphing Data to Answer Question:
Part

Note: These directions are for Microsoft Works Version le.

1. Turning on the computer.

Reach behind the left side of the Macintosh and flip the power switch.

A picture of a disk with a flashing question mark should appear on the screen.

2. Inserting the disks.

Hold the disk with the label up and with the metal tab facing away from you.

Insert the Microsoft Works Program disk into the slot
(internal drive) in the front of the machine.

..nsert the Microsoft Works Data disk into the disk drive (external drive) to one side
of the computer.

The mini-finder screen (large box on the left of screen) will display the following message.
MiniFinder Icons not installed on disk...

Use the mouse to move the arrow (cursor) over the Drive box.

Press the button on the mouse and release it. This action is know as clicking.

The mini-finder screen displays the following five pictures (Icons): Microsoft Wo...,
Mammal File..., Fish Files, Explore Spr..., Kinematics, Explore Data, and
Energy Balance.

3. Selecting the desktop.

Use the !muse tc move the arrow (cursor) over the Fish Fi!es icon.

Press the button on the mouse and release a. A square appears
around the icon, indicating that the icon has been selected.

4. Opening a file.

Move the cursor over the OPEN box.

Click the mouse (press the mouse button olice).

This opens the Fish File.

Three windows appear on the desktop: Fish (DB), Fish--Life Span (SS), Fish--Heart
Rate (SS).

Place the cursor within the title bar (refer to the diagram
below) of the Fish (DB). This action selects the Fish data base.
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Close box

^
^

Common Name I Weight in kg I Heart Rate in BPM I Life Span

PITI

Click the mouse button on the zoom box (press the mouse button down and quickly
release it while the cursor is in the zoom box). This action opens the file to the full
window.

To view data beyond the boundaries of thf window, use the horizontal and vertical saoll bars.
The horizontal scroll bar is at the bottom of the window. The vel-tical scroll bar is at the right of
the window.

Vertical
Scroll .)
Bar

;iii:7777.777:7171777=7::117777771:.=.77:77:77:117iiiiiii!iii

Horizonthl Scroll Bar

5. Using the scroll bars.

The scroll bars can be moved by clicking on the arrows at the end of each scroll bar.

Click on the right arrow to move the window to the right.

Continue clicking the right arrow until you see the last data base field (Number of
Chromosomes).

Count the number of fields (or categories) included in thh data base.
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Return the horizontal scroll bar to its original posidon.

Click on the left arrow to move the window to the left.

Continue clicking until the scroll bar is in its original position.

6. Use the down arrow to move the vertical scroll bar.

Click on :he down arrow to move the window down.

Count the number fish records in the data base.

Notice that the Weight in kg field is arranged from smallest to largest. Does arranging Lie
data in this manner suggest a relationship between a) the life span and weight cf a fish and b)
the heart rate and the weight of a fish?

7. Put a check next to the hypothesis that best describes the following:

I. The relationship between the life span and the weight of fish.

The life span of a fish lengthens as the weight of the fish increases.

The life span of a fish lengthens as the weight of the fish decreases.

The weight of fish has no effect on the life span of fish.

Put a check next to the hypothesis that best describes the following:

U. The relationship between the heart rate and weight of fish.

The heart rate of a fish increases as the weight of the fish increases.

The heart rate of a fish decreases as the weight of the fish increases.

The weight of fish has no effect on the heart rate of fish.

8. A graphic representation of the data might help confirm or deny your hypothesis. Several
graphs using the data from the fish database have been prepared.

To view the first example:

Point the cursor to the word Window in the menu bar.

Pu'l down the Window options by holding down the mouse button.

Move the cursor down until Fish--Life Span (SS) is highlighted, then release the
mouse button.

The small window displaying the Fish--Life Span (SS) will appear on top of the Fish
(DB) full window.

Click on the zoom box to get a full window view.

Point the cursor to the Chart options.
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Select the Draw Chart...option. The Fish--Wt vs. Life chart
will be selected (highlighted).

Click on the OK box. The Fish--Wt. vs. Life Span graph should appear.

Make a general statement about the relationship between the weight of fish and their life span.

Which of the three hypotheses in Part I of step 7 is correct?

10. To view the second graph:

Pull down the Window options and select the Fish--Heart Rate (SS).

Expand the Fish--Heart Rate (SS) to the full window by clicking on the zoom box.

Pull down the Chart options and select Draw Chart....
The Fish-Wt vs. Heart will be selected (highlighted).

Click on the OK box. The Fish--Wt vs. Heart graph should appear.

Make a general statement about the relationship between the weight of fish .1.,x1 their heart rates.

Which of the three hypotheses in Part II of step number 7 is correct':

A1. Jot down some thoughts on why you would chof;3e to use the cimputer as demonstrated in this0 activity in some class that you teach.

I

12. Closing the I.:es.

Pull down the File options and select Quit.

If the computer asks if you want to save any changes:

Click the NO box.

The mini-finder screen (to the left) should display the following pictures (Icons). Microsoft
Wo..., Mammal File..., Fish Files, Explore Spr. ., Kinematics, Explore Data,
and Energy Balance.

( '
S ) 1,
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Skills for Success in Science

List some of the skills needed by your students to achievE viccess in science.

1.

2.

3.

4.

5.

6.

Summarize the ideas listed above into one or two key ideas.
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Organizing and Graphing Data To Answer Questions:
Part II

After working with the data on fish you might want to know if mammals dif. *ay similar
relationships tor lack of relationships) when weight is compared to hem rate and life span. Before
looking at the data, select the hypotheses that you think best describes:

I. The relationship between the life span and the weight of a mammal.

The life span of a mammal lengthens as the weight of the mammal increascs.

The life span of a mammal lengthens as the weight of the mammal decrease.

The weight of mammals has no effect on the life span of mammals.

II. The relationship between the heart rate and the weight of mammals.

The heart rate of a mammal increases as the weight of the mamrr..11 increases.

The heart rate of a mammal decreases as the weight of the mammal increases.

The weight of mammals has no effect on the heart rate of mammals.

Use this space to write comments about your analysis of the ideas in the above questions.

1. Selecting and opening a desktop.

Highlight the desktop Mammal File.

Click on the OPEN box.

Three small windows will appear: Mammals (DB), Mammals--Wt N S. Heart Rate
(SS), and Mammals--Wt vs. Life Span (SS).

Selecdng and opening a file.

Double-click on the title bar of the Mammal (DB).
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kMamrnals (DB)
1Number ot Eggs

6

Incubation Timel 'Weight in kg Life byal
20 0.01

d 4 23 0.02
7 20 0.02

It should open to a full window.

3. Viewing the data.

Use the horizontal scroll bar to examine the different fields in the database.

Use the vertical scroll bar to examine all the records in the database.

4. Moving fields in the database.

Relationships between fields are easier to see when the fields are next to or close to each other.

Move the Wgt in kg, Life Span Yrs, and Heart Rate in BPM
tlelds so they are in the order shown below.

4 File Edit Window Organize Format Report
1 1 20

Mammals (DB)
Common Name --1*-.'gt in kg Life Span YrsI Heart Rate in BPM Nur
Shrew, Musked 0.01 1 782
Mouse, White-footed 0.02 1 534
Mouse, House 0.02 4 600
Weasel 0.04

Point the cursor at the field title (a small hand will appear) of the field you wish to
mo'.e.

While holding the mouse button down move the hand (cursor) to where yola
want the field located.

Release the mouse button.

Looking at the data in chart form may not be enough J convince you that the relationship
selected in Part I is corre,.. Sometimes relationships arc easier to see if the data is repmented
as a picLure. Lees examine computer generated graphs to help us determine which hypotheses
are correct.

5. Accessing computer-generated graphs

Select and open the file Mammals--Wt vs. Life Span (SS) by doing the following:

Point the cursor (arrow) to the word Window in the Menu bar.

f:
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Pull down Lie Window options by holding down the mouse button.

Move the ursor down until Mammals--Wt vs. Life Span (SS)
is highlighted (selected) then release the muuse button.

The small window displaying the Mammals--Wt vs. Life Span (SS) should appear.

Place the cursor Nithin the title bar of Mammals--Wt vs. Life Span (SS) .

Double-click (p:ess the mouse button twice). This 0:1 Ild open the file to a full
window.

To examine the graph of weight vs. life span:

Point the cursor to the Chart options and puli down the menu.

Select the Draw Chart...option.

The following message uox will appear.

Click on the OK box.

The eraph Weight vs. Lit:. S should appear.

After looking at the graph, can you make a general statement about the relationship betwe_n the
weight of mammals and their life span?

Which of the three hypotheses in Part I is correct?

Examine the graph of weight vs. heart rate:

Pull down the Window options an(' 'lea the
Mammals--Wt vs. Heart kl. (SS).

Expand to a full window ',Double-click on titic bar).

(1 :,
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Pull down the Chart options and select Draw Chart.

A message box will appear. Click on OK.

The graph Mammal Weight vs. Heart Rate should appear.

Examine the graph. Can you make a general statement about the relationship between the
weights of mammals and their Inart rates?

Which of the three :lypotheses in Part 11 is correct?

7. Closing the files.

Pull down the File options and select Quit.

If the the computer asks if you want to save any changes

Click the NO box.

The mini-fmder screen (to the left) should display the following pictures (Icons): Microsoft
Wo..., Mammal File..., Fish Files, Explore Spr..., Kinematics, Explore Data,
and Energy Balance.
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Session Descriptions

Session 1: Hypothesis Testing Using a Computer

The session will illustrate how organizing data and electronic graphing of data can help
students generate hypotheses and confirm or deny hypotheses. The main focus of the
inservice sessions is on the use of computers in hypothesis testing and problem solving in
science. The first session provides a oasic introduction to use of a powerful microcomputer
with a relatively sophisticated piece of software, Microsoft Works.

Session 2: Searching and Sorting Databases to Generate and Test Hypotheses

Using Microsoft Works we will modify a database to answer questions. The issue of when
and how to use a database in the science classroom will be addresset'. As in all hands-on
sessions, there is more emphasis on when and why tr -e a computer than on specific details
of the key presses needed to use a particular piece c 3vare. Participants are expected to
gain skill in actually using the computer through theh computer use outside of the inservice
sessions.

Session 3: Creating a Database for Testing Hypotheses

This session will illustrate how to create a database file using Microsoft Works. The ability to
create a database opens a wide range of possibilities for integrating the computer into the
science curriculum. Information on creating a database using App:eWorks will also be
provided.

Session 4: Introduction to a Spreadsheet

Using Microsoft Works we will become familiar with the components and structure of a
spreadsheet. Activities will demonstrate how to graph data from a spreadsheet.

Session 5: Creating a Spreadsheet

This session will illustrate how to create a spreadsheet using Microsoft Works. We will
explore the use of a spreadsheet as a teacher and student tool. The advantages and
disadvantages of using a spreadsheet as a "black box" utility will be discussed.

Session 6: Using an Integrated Package to Produce 9. Lab Report

This session will demonstrate how an integrated software package combines the applicaticas
discussed in the previous sessions: database, spreadsheet, and electronic graphing. A
laboratory report will be constructed using information from data bases and spreadsheets.

Session 7: Investiga:ion of Some Commercially Available Science Education
Software

This session is divided into two parts: 1) the demonstration and evaluation of some
commercially available databases and/or other science education software; and 2) a
demonstration of using the computer as a data collection device (use of probeware). Note.
The latter topic may be dropped in order to spend more time on the former topic.

Session 8: Projects and Closure

School administrators from the participant's schools will be attending. Other higher level
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school district administrators and the district computer coordinator will also be invited.
During the last session, teams of participants will present their final projects. Each project
presentation will be a maximum of 10 minutes. It is important that these presentations be
carefully prepared and accompanied by appropriate handouts. Following each project
presentation, the project team will initiate a brief discussion (approximately five to ten
minutes) between admini Arators and project participants. The theme of the discussion is
what administrators can u.k. ._ help teachers integrate computers into the science curriculum.
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Science Skills

Communication of Results

Data Collection

Data Organization

diagram

chart form

picture

Generating and testing Hypotheses

Interpretation of Data

charts/diagrams

graphs

calculations

Observation

1
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External Drive:

Hard Disk Drive:

Glossary

Hardware Terms

The 3.5 inch disk drive located next to the computer. (A
Macintosh SE may have two iuternal 3.5 inch disk drives.
The top one of these is considered to be the external drive.)

Mar- microcomputers contain an internal or external hard disk
drive. If it is internal, it automatically starts up when the machine
is turned on. If it is external, first turn it on and wait for about 10
seconds for it to reach full speed. Then turn on the computer.

Internal Drive: The 3.5 inch disk drive located within the Macintosh Plus or SE
computer below the screen.

Mouse: The device that allows you to move the cursor and contr"!
options selected on the screen.

Carson

File:

Icon:

Desktop Terms

The pointer which appears on the screen. At the desktop level the
cursor will appear as an arrow.

A collection of information that has been stored on the disk.

The ' pictum" that represents an object, concept, message, or
collection of information.

t21 Zedeal
/

El El it.JP1 DB

BB Works Word Data
Tupes Processor Base

m
Sprctad
Sheet

Window Terms

Close Box: The small white box at the far left side ot the title bar. Clicking on
a close box closes the window and removes it from the desktop.
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Cursor:

Scroll Bar:

Scroll Box:

Title Bar:

Zoom Box:

The pointer that appears on the screen. A window cursor can
appear in three forms:

1) a blinking line

2) an I-beam

3) a hand

A rectangular bar that appears along the right or the bottom of a
window. Clicking in the scroll bar moves up, down, left, or right
in the window.

The white box in the scroll bar. The position of this box within
the scroll bar indicates the position of the information in the
window relative to the e atire file.

The horizontal bar at the top of a window that indicates the title
and contents of a window.

The small white box at the far right end of the title bar. Clicking
on the zoom box enlarges a "sized" window to full screen size.

0 "How To" Terms
Click: Position the cursor and then qui.ldy press and release the mouse

button.

Close: Put the document away, or remove it from the desktop.

Double Click: Two "clicks" in rapid succession.

Drag: Position the cursor, press and hold the mouse button down.
Move or drag the mouse to a new locatic .. then release the
mouse button. This ac6on moves an object to a new location or
confirms a command selection.

flignnt. To highlight, click on the object. This makes the area visually
distinct from the background and shows that the information ',.as
been selected.

Open: Make the contents of a file available for processing.

Save: Store information on a disk.

Select: Choose a command, window, or area that is to be acted on.

IN
1 :7(
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OUICKSTART READY REFERENCE GUIDE TO Fr EdWriter -

STARTING

Note: This material is from FrEdWriter Documentation DOC.A.

BASICS

FrEdWriter is a very easy word processor to learn. You
must know 4 things when you are writing with FrEdWriter:

1. Most of the keys on the keyboard will make letters on the scree

2. Press the DELETE key to erase mistakes.

3. Press the ARROW keys to move the cursor around the text.

4. Press Control-T to see the <T>utor which tells you more about
FrEdWriter commands.

TYPING FrEd COMMANDS:

FrEdWriter commards look like this: <P>rint.
They are typed this way:

1. PRESS the CONTROL (or CTRL) KEY at the left side of your keyboard.

2. KEEP it down while you STRIICE the letter inside the < >.

LOADING DOCUMENTATION

The FrEdW riter disk contains complete documentadon, written by June Wedesweiler Dodge of
San Diego CUE. It is contained in four text files called: DOC.A, DOC.13, DOC.0 and DOC D.
You can use FrEdWriter to load, read, and print them.

Here's how you load DOC.A when yor are in FrEdWriter:

1. Type the <N>ew command (Control-N). At the prompt located at
the bottom of the screen, type 'Y' and press RETURN.

2. If you are using a 40-column screen (large type), type the <W>idth
command (Control-W). At the prompt located at the bottom of the
screen, type '65' and press RETURN. (The right side of the text will
be invisible at first. Use the Right-Arrow to see it all.)

3. Type the <L>oad command (Control-L). At the prompt at the bottom of the screen,
type 'DOC.A' and press RETURN.
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6 PRINTING DOCUMENTATION

1. Load DOC.A as described in LOADING DOCUMENTATION above.

2. Type the <P>rint command (Control-P), press RETURN.

3. Tap the ARROW key until you highlight TOP LINE, press RETURN.
Type '***** FrEdWther Documentation DOC.A Page #
and press RETURN.

4. Check to be sure the printer is on; then press RETURN.

5. When printing is done, re eat for DOC.B, DOC.C, DOC.D.

. . ,
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OUICKSTART READY REFERENCE GUIDE TO Fr EdWriter -
COMMANDS

Here is a complete list of FrEdWriter Commands. This same list is also in the <T>utor inside
FrEdWriter. Details about each command are found in the reference to the right.

Apple II, II Plus, He and //c REFERENCE IN DOCUMENTATION

<T> = SHOW THIS TUTOR
<P> = PRINT this document
<S> = SAVE from memory to disk
<L> = LOAD from disk to memory
<F> = FIND and replace words
<W> = Change page WIDTH
<C> = Use with arrows to CHAN3E CASE
<R> = REVEAL/Hide Paragraph Markers
<B> = Jump to text BEGMTNING
<E> = Jump to text END
<N> = New Page (erase memory)
<Q> = QUIT FrEdWriter (Return to Menu)
<V> = Accept Control I--ys as Letters
ESC = Change the page top line

Apple //e and //c

DOC.C-2
DOC.D
DOC.B-3
DOC.B-2
DOC.C-8
DOC.D-3
DOC.C-12
DOC.C-4
DOC.C-3
DOC.C-3
DOC.B-2
DOC.C-12
DOC. 0-05

Additional quick-reference comments:

Apple II and H Plus

Left/Right-arrows
Up-arrow (line)
Open-Apple-Up-arrow (paragraph)
Down-arrow (line)
Open-Apple-Down-arrow (paragraph)
DFT P.TE key (erase letter)
Open-Apple-Delete (erase line)
TAB key (5 spaces)
CAPS LOCK key
Open-Apple Left/Right-arrows

(block move)
Open-Apple-P (Prompt Box Mode)
Open-Apple-A (top line)
Open-Apple-Z (bottom line)
Open-Apple-R (removes prompts)
Open-Apple (pauses scroll through

prompt pox)

Left/Right-arrows
Control-A
Shift-Control-A
Control-Z
Shift-Control-Z
Control-D
Shift-Control-D
Control-I
Shift-ESC
Shift-Control-arrows

Shift-Control-P
Shift-Control-S
Shift-Control-X
Shift-Control-R
Shift

7 t
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Name

Participant Objectives
(A Formative Evaluation Instrument)

We are interested in learning why you are attending this program. Please state briefly and
specifically what you would like to gain from this tra:ning. At the last session, you will be asked to
indicate how well each of your objectives was met.

Objective Unmet Met

1. 1 2 3 4

2 3 42. 1

2 3 43. 1

2 3. 44. 1

(This form is based on Phil Browning's The Impact of Nationwi.le Tratmng Programs to P, amote Self-Advocacy,
and revised with permission of the author.)

,
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Note: Pt. :ipants should be provided with one copy of tins Log Sheet for each week of the inservice series. You
may want and out all of these copies during the first session, or hand out one copy each week. In any event,
you will pruc-oly vant to write specific dates on each sheet and/or beside each of the days listed. A sample is giv,..n
below.

Name:

C13 Participant Log

Please use this form to record all your computer related activiCies, both at school and at home.

Wednesday, Sept. 30

Thursday, Oct. 1

Friday, Oct. 2

Weekend, Oct. 3-4

Monday, Oct. 5

Tuesday, Oct. 6

General comments alid/or questions you would like some feedback on from the inservice
facilitator:

., I ,
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Game of the Week

One copy of the Fish Database is given on the next page. Take some time and examine the
database. Develop two or three questions not addressed during Session 1 that could be answered
by reordering the fields in the database and ordering the data in ascending or descending order.

It might be easier to develop questions if you physically change the order of the fields. Feel
free to make additional photocopies of the database and to cut up the database so you can move
the fields and order them according to your interests.

Please write the questions you come up with on this sheet. If you like, paste ye_ database
back together and attach it. I am extremely interested in how you arrange the database fields.

You may want to try this nercise with some of your students. Feel free to make copies of the
fish database for such purposes. If you try out this activity with your students, please write up the
results as part of your Game Jf the Week report.
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0

0

Common Name Weight Heart Rate Life Span Number of Eggs Incubation Blood Press. Number of
In Kg In BPM In Years or Litter Size Time In Days In mm Hg Chromosomes

Pumkinseeci 0.31 3 4000 1

Bullhead, Brown 1.13 22 9 6000 5 22
Sea Lamprey 1.14 7 236000 28
Mackerel, Spanish 1.59 5 20000 5
Perch 1.95 59 10_ 30000 14 28
Flounder, Winter 2.27 1 1000000 15
Haddock 3.30 35 15 1000000
Bass, Large Mouth Black 10.10 11 50
Gar, Longnose 18.00 30 36500
Trout, Brown 18.16 38 18 15000 31-
Trout, Rainbow 18.16 4 1700 22 40 62
Pike, Northern 19.06 42 24 100000 15 60 18
Cod, At:antic 22.70 48 13 6000000 17 29
Sting Ray 27.24 4 16
Carp 38.00 59 6 2000000 9 43 104
Tuna 45.36 7 2000000 2 102
Sturgeon, Atlantic 226.96 ,.... 50 1800000
Shark, Hammerhead 272.35 25 181- 33 33



4.1.5 Student Materials

This Materials sections of the Notebook contains sample lesson plans and other materials
designed for inser ice participants to use with theh students. This particular Materials section
contains a number of acfivities that can be done with one particular database, the MECONorth
American Mammals. This is an Apple IIe database. However, even if you do not have access to
this software and hardware, you will find that it is easy to transfer the general nature of these
activities to other databases that you do have available for use with your students.

The designers of these CI3 materials made the decision to base the inservice sessions mainly
on Mnintosh Lomputers and the Microsoft Works package of software applications. However,
many of the participants had other types of computers in their schools. Thus, they were not able
to take some of the inservice ideas and easily apply them with their studehts. Handout materials
such as in this secfion helped a little to circumvent this problem. (Quite a few of the participants
already knew how to use Apple IIe microcomputers, and that is what ley had pvailable in their
schools.)

The particular materials given in this section are designed for a classroom setting in which
small 3roups of students can work together at a computer. The materials can, with slight
modification, be used in a whole class setting. This requires a large screen mon.tor or projection
system.

Index to Materials Page

Using a Database to Study Herbivores
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Using a Database to Study Herbivores

These activities were designed for use with MECC Noah American Mammals software In a
(.omputer laboratory situation. Students can work individually, in pairs, c perhaps in groups of
thrte. It is assumed that students have previously learned how to make use of computers and such
software, and that appropriate computer facilities are available.

Testing Hypotheses Using a Database

Habitat is where an animal lives. Before you get started using the computer, think about what
the word habitat means to you. Then think about the word herbivore. The database you vAll be
using contains information about a number of different herbivores. Perhaps you already know a
great deal about herbivores.

Select the hypothesis that you think best defines the term "herbivore."

A herbivore eats other animals.

A herbivore eats fish.

A herbivore eats plants.

A herbivore eats both plants and animals.

The database contains information describing the habitats of 23 iierbivores. Examining this
information may help us confirm or deny our hypotheses. We assume that you have booted the
software and are on the screen that allows you to select records from the database.

Look at youl computer screen. Select Records should be highlighted. Press Return.

-lb select the records of the 23 herLivores:

Press the down arrow key until the categoty "Eating habits is selected. Press R.turn. A
new sc:een will appear listing different types of eating habits.

Press the down arrow key until the category "herbivore is selected. Press the spacebar.
An arrow will appear 'o the left of the category herbivore. If the arrow does not appear
raise your hand.
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After the arrow appears to the left of the category herbivore press Retun.

Pressing Return caused the computer to select out the 23 records that describe various
features of herbivores.

Look at the upper left corner of the screen. It should read:

Selection: 23 of 98 records

If it does not, please rais,, your hand to get help from the teacher.

To print the informar n to the screen, press the ESC key in the upper lett corner of the
keyboard. The computer screen should look as follows:

Dataquest: N.A. Mammals

Selection: 23 of 98 records

1. Select Records

2. Sort Records

3. Print Current Selection

4. Information

5. Other Activities

6. Quit

If you are having problems, please raisf yotii hand.

To display the information on habitats:

Press the down arrow key untii Print Current Selection is highlighted. Press Return.

To print the information as a table:

Press the down arrow key until Table k across page) is higLighted. Press Return.
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To print only the categor;es Eating habits and Habitat:

Press the down arrow key until Habitat is highligh.d. Press the spacebar; an arrow will
appear to the left of the category habitat.

Use the down arrow key to highlight Eating habits. Press the spacebar; an arrow should
apnear to the left of this category. After the airow has appeared press Return.

The current computer screen describes how the information will appear when printed. To
continue:

Press Ret..rn

To print the information to the computer screen

Press Retarn

Use the arrow keys to examine the habitats of the different herbivores.

In the space provided, write the names of the habitats in which the different herbivores
lives.

HABITAT
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Grouping the habitats that h,:r 'e similar features may heip identify a pattern supporting or
eliminating one of the previous hypotheses. Working with a partner, try grouping the habitats
that have something in common. This is a small data set, so limit yourself to 3 different
groups. Take 5 to 10 minutes for identifying groups and write your results in the space
provided below.

Habitats

Habitats

Habitats

Features in Common

Features in Common

Features in Common

Did grouping the habitats help confirm or deny the hypothesis? :a 2 or 3 sentences describe
what you learred from grouning the habitats?

More information may be necessary to help confirm, deny, or modify the hypothesis. For
example, what an animals eats (diet/prey) may provide additional clues about what is a
herbivore.
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Tc nt the information related to diet/prey:

Press ESC. The following will appear on the screen

Print to:

1. Screen
2. Printer
3. Renort File

Press ESC.

The computer screen should display 1.uw the information will look when printec: out. If it
does, press ESC; if not, get help from a teacher.

The computer screen should display the c. .egories of *-formation that can be printed. Use
the duwn arrow key to highlight Diet/Prey. Press the spacebar. An arow will appear to
the left of the Diet/Prey category, press Return 3 times to display this information on the
computer screen.

Use the arrow keys to examine the diet of the 23 herbivores.
In the space below, write the names of the different foods eaten by a herbivore.

= Does this information support the hypothesis selected by your group? WI y or why not?

In 2 or 3 sentences write a hypothesis that defines the term herbivore.
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6
Generating Hypotheses

There may be a relationship between what an animal eats and its limb structure (claws,
flippers, hands and feet, hoofs, webbing, or wings). In 2 or 3 sentences generate a
hypothesis that describes the limb structure of a herbivore.

Select two 0.7 three database categories that might provide information to help confirm°, deny,
or modify your hypothesis. Use the following data collection sheets to record your
observatioa.

DATA COI LFCTION SHEET

Database Category:

Description of fmdings:
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DATA COLLECTION SHEET

Database Category:

Description of findings:

DATA COI I ZCTION SHEET

Database Category:

Description of fmdings:
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Testing Hypothes6 Using a Database

In this section we will generate and test some hypotheses about herbivore offspring. Before
beginning to use the computer database to examine this topic, do the following, based ol your
persoml knowledge:

Select the hypotheJis that describes the number of herbivore offspring.

Herbivores have only 1 offspring.

Herbivores have 1-2 offspring.

Herbivores have 3-4 offspring.

Herbivores have more than 4 offspring.

Sorting the information related to the number of herbivore offspring is one way to test the
hypothesis you selected. The computer can sort the data from lowest to highest, or highest to
lowest. To sort a category:

Press the ESC key until the following appears on the computer screen.

Dataquest: N.A. Mammals

Selection: 23 of 98 records

1. Select Records

2. Sort Records

3. Print Current Selection

4. Information

5. Other Acdvities

6. Quit

To sort data:

Press the up or down arrow key to highlight Sort Records.
Press Return.

Press the down arrow key until Number of offspring is highlighted. Press Re. Tn.

Highlight one of the sort options From Lowest to Highest or
From Highest to Lowest. Press Return.
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When the computer has finished sorting the information it will Return to the previous screen
(Sort records based on which category).

Press ESC.

To print the sorted information

Highlight Print Current Selection. Press Return.

Highlight Table (acro5s page). Press Return.

Highlight Name and press spacebar.

Highlight Number of offspring and press spacebar.

Any category with an arrow to the left will be printed. If there are any categories that you do
not wish to print:

Highlight the category and press the spacebar. The arrow will be removed.

Press Return three time:i to print the information to the screen.

Examine the sorted data for patterns or trends.

Number of Offspring Name of Animal

Did sortint, ,he data on the number of offspring styport the hypothesis you selected? Write
two or three sentences explaining why cr why not.

Select twr or three database field categories that might provide information about what
influences the number of herbivore offspring. For each category ...ircle yes if the data is to
be sorted before printing to the computer screen. Use the following data collection sheets
to record your observations.
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Database Category S orted

yes. no

yes no

yes no

yes no

Database Category:

Sorted:

Description of findings:

DATA COLLELFION SHEET

YES NO

Database Category:

DATA COLLECTION SHEET

Sorted: YES NO

Description of findings:
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DATA COLLECTION SHEET

Database Category:

Sorted:

Description of find .gs:

YES NO

In two or three sentences write a hypothesis that describe3 what influences the number of
herbivore offspring. (Be aware that the hypothesis you are now writing is based on examination
of a rather limited set of data. The next step in a careful investigation of this area might be to obtain
data from a larger collection of herbivores ir order to further test and perhaps refine your
hypothesis.)

.
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4.2
Sessioll 2: Searching and Sorting

Databases to Generate and Test Hypotheses

4.2.1 Narrative Overview

The goal of Session 2 is to demonstrate how databases can be used to facilitate gene:ating and
testing hypothesis in the science classroom. The session demonstrates how teachers and students
can use a database to practice the following skills: (a) organizing data in a systematic manner, (b)
using organized data to answer questions, (c) visually inspecting data looking fur relationships or
general trends, (d) translating relationships or trends into hypotheses, and (e) reorganizing
information to help confirm or deny a hypothesis. The materials assume no previous experience
with databases and are not intended to develop teacher mastery in the desip :lid implementation of
a database or in database operations (searching and sorting). Specific modifications for developinent
of participant mastery with databases are suggested at the %Aid of the overview.

Activity 1 (Introduction to Database Operazions) introduces the concept of a database and
demonstrates how to use a database to generate hypotheses and to develop strzteg;es to test the
hypotheses. In the process, Activity 1 introduces pa-ticipants to different ways of organizing
information in a database (list, record) and introduces the sorting (alphabetic and numeric) and
selecting of records. The primary goal is to develop positive teacher attitudes toward this
Instructional use of databases. The CI3 Project hypothesizes that teachers win be willing to devJte
the time and energy necessary to learn database skills and develop classrc rn materials if they
believe it will be beneficial to their students.

Activity 1 is highly structured. It directs participants (later on students) to visually inspect two
fields that reveal an obvious pattern. This allows the lesson to include a predefined testing tuatet,y.
Before using the database to test the relationship, participants translate it into a question or
hypothesis. While teachers may not require such detailed directions, this is an unfamiliar learning
environment for most students. Activity 1 demonstrates how a lesson can help students overcome
initial fears they may have about working in an unfamiliar situation. Remember, students are not
used to this type of instructional strategy.

The debriefing following Activity 1 should concitntrate on describing the design of the activity
and its rationale, and making explicit how the activity introduces students to a database within the
context of a science lesson.

Activity 2 (Using a Database to Generate Hypotheses) uses a less structured approach to extend
the ideas introduced in Activity 1. Activity 2 demonstrates how students can use a da! ase to
practice generating and testing hypotheses w:thin the context of tradidonal science content. The
activity is divided into three parts and each part could be expanded into a separate activity.

Part 1 of Activity 2 introduces how the selecting ca;ability of the database call used as a
simple testing strategy to help confirm or deny a hypothesis. Participants are instructe I to develop a
d. Tinition for the term "ambient" after examining a small set of vertebrate records. The activity
provides the selection criteria and detailed instructions on how to select records.

Part 2 of Activity 2 demonstrates how to de ,elop a more complex testing strategy by combining
database operations. The design is structured to ,elect certain records from the database and then
sort them. The lesson is highly structured anl provides participants with the following informadon.
(a) the fields that reveal an obvious relationship (number of eggs or litter size of different
vertebrates, and the number of months each 'cares for its young), (b) the search strategy, and (c)
instructions on how to e; :cute the search.

Part 3 of Activity 2 so demonstrates a complex testing strategy, but re-erses the desiga used in
Part 2. In Part 3 participants test by ncmerically sorting the records and then selecting out those that
relate to mammals. Its design is similar to Part 2 in providing participants with: (a) the fields to
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compare (incubation time in days and weight in kg), th) the search strateg) ind ( L , in .7 L.. on t.n
how to execute the search.

Focus the debriefing on the lesson coniponents, not the operation cf the comp.ter or the
software. Keep in mind the primary objective of Activity 1 is to (let .onstrate !....)w a d.nabase can be
used as a instructional tool in the science curriculum. Remind participants that the activity is nut
designed to develop mastery in using databaFes.

Activity 3 (Generating Hypotheses with A 2aper Database) demonstrates an open ended
off-computer activity. In this activity participants are not provided with suggestions as to what
fields to examine for poteatial relationships. They are instructed to generate see hypotheses and
develop search strategies to help them confirm or deny the hypotht ses. Ti, ould be provided for
participants to test their se-rch strategies and if possible modify them. Act.,....y 3 also demonstrates
how teachers can provide .tudents practice in .enerating and testing hypotheses when computeis
are limited. This type of activity can be used by half the class while tt.,,. od,crs are engaged at the
computers. The debriefing of Activity 3 should make explicit that this is not ...ecommended as a way
to introduce students to the concept of a database or database operations. For this activity to be
effective, participants (and later on students) need to feel comfortab:e exploring and developing
hypotheses or testing strategies that may result in dead ends.

The Game of the Week is designed to help participants dentify databases that are already part of
their curriculum. The goal is to help participants locate sources of information that they woald like
to convert into an electronic database,. .

If your inservice goal is for participants to develop a functional knowledge of how to use a
database to generate and test hypothese.,, you will find it necessary to have mor -. than one t.vo-
hour session on this topic. It is recommended that Session 2 be expanded from one to three
sessions. Specific modifications ;.nclude (a) expanding Activity 2 into three separate activities to
provide teachers with additional practice in developing mastery with a databa.,e, and (b) tievoting
one two-hour session to the development of lessons that model the principles demonstrated in
Se?sion 2.

To facilitate lesson deve )pment, provide participants with several examples of paper databases.
The examples should reflect the current teaching assignments of participants. Have teachers develop
a lesson, complete with lesson plan and activity sheets. Provide teachers time to pilot and revise
their lesson plarc !+ is unlikely sufficient time is available for all participants to engage in peer
teaching, but solicit some volunteers for this purpose. Videotapivg the volunteers is highly
recommended. If videotaping has been done, include time to review the tapes 4s a group activity.

As you con.ider the organization of the second inservice session, think about the wide variety
of participants in your inservice. Likely they range in computer background from complete novice.,
to "close to" experts. Also, theil science and teaching background and experiences likeiy vaiy over
a wide range. It is a challenge to work with such a varied group. It is important that you zet
participants involved in helping you as much as possible. For each new topic, seek out
knowledgeable participants who ca.. help the novices get started. If some of the participants have a
great deal of exper:^nce in a particula, type of computer use related to a class topic, have them share
this experience. Perhaps thebest way to think about it is that each participant in your inservice is an
educator and brings a great deal of knowledge and experience to the inservice. One of your tasks is
to take appropriate advantage of this pool of talent, knowledge, and experience.

It is important to be aware that for many of the participants you are trying to do two things
simultaneously. You are trying to help them .zarn about computers and you are trying to he!p them
learn that science teachers should teach hypothesis gene,- ..,on and ivpothesis testing. In many cases
the latter may be the more important of the two goals!
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0 4.2.2 Script

Theme Using a database to generate and test hypotheses.

Objectives 1. Demonstrate how a database can be used to
facilitate generating and testing of hypotheses

2. Demonstrate how a database can be used to practice the following skills:
organizing Jata in a systematic manner
using organized data to generate hypotheses
visually inspecting data looking for trends or general reationships
reorganizing data to help confirm or deny hypotheses

Materials Software Thrdware
MiLsosoft Works Macintosh computers with
Data disk appropriate secondary memory

a,

Handouts
Activity 1 (Using a Computer to Generate and Test Hypotheses)
Activity 2 (Using a Database to Generate Hypotheses)
Activity 3 (Generating Hypotheses with a Paper Database)
Game of the Week
Participant Lo;
What's a Database
Modifyhig a Database

Resources overhead projector refreshments
overhead marker
blank transparency

Setup Before participants arrive have copies of Microsoft Works and the data disk Lt
each computer. The computers will be turned off.

Introduction The materials for this session assume no previous experience with databases.
The materials are not intended to develop participant mastery in the design or
implementation of a database or in specific database operations (searching and
sorting). The primary goal is to develop positive teacher attitudes about using
databases for the gemration and testing of hypotheses.

Activity 1 Purpose: Using a Computer to Generate and Test Hypotheses is designed to
20 minutes familiarize participants with: 1) the concept of a database, 2) how information

can be organized in a database (list and record), 3) how to move around in a
database, sorting records alphabetically and numerically, 4) translating
relationships or trends into hypotheses, and 5) testing hypotheses by
reorganizing and graphing data. Participants will develop awareness of the
ways in which computers can facilitate access to large bodies of information.

Participants will boot the system according to directions on the performance
aid. The performance aid directs participants in how to scroll through a
database, view data as a list or record, and sort .ecords (alphabetically and
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numerically). The trainer will circul..te and provide assistance when
necessary.

Debrief Elicit responses from partic:pants concerning their feeling. aoout the activity.
15 minute2 Make explicit that in a database information can be organized as a recird or

list. Defme the term field. Have participants name some of the fields in the
database used in Activity 1. Have teachers discuss the amount of class time
they currently provide for students to generate and test hypotheses. Have
participants suggest areas in their curriculums where databases could be used
by students to practice generating and testing of hypotheses.

Activity 2
20 minutes

Purpose: Using a Database to Generate Hypotheses demonstrates how
students can practice generating and testing hypotheses using a database with
traditional science content. It is a less structured approach that extends the
ideas introduced in Activity 1. The activity demonstrates how to geeerated a
hypothesis by: 1) examining a specific field for a large number of records, 2)
combining the selecting and .x,rting capabilities of the database into a testing
strategy, and 3) sorting records and then selecting according to certain criteria.

Break Break: Relax, mingle, refresh.
10 minutes

Debrief Elicit from participants what happened and what they discovered by
20 minutes completing the activity. Focus the discussion on the how using databases

allows students to work with larger data sets. Discuss the advantages of large
data sets for: 1) generating hypotheses, 2) identifying trends or patterns, and
3) testing hypotheses. Have teachers identify why in the past this type of
activity was difficult to incorporate into the science classroom. Conclude this
segment of the debriefing by talking about the advantages of using a database
for generating and testing hypotheses.

End the debriefing by discussing how you determine the type and quantity of
information to iticlude in a database. This will prepare participants for the
concepts to be introduced during Session i.

Activity 3 Purpose: Generating Hypotheses with a Paper Database demonstrates an open
15 minutes ended, off computer activity.

Debrief Star the debriefing by asking teachers to develop an inst.uctional plan to
15 minutes incJrporate all three activities. Point out that off computer activities are one

way to deal with limited hardware and software resources. They also provide
students with additional process skills practice that can be assigned as an out
of class activity.

Closure
5 minutes

Game of the Briefly discuss results from last week's Game of the Week. Work on getting
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Week

Think
Ahead

participants to share their experiences. Indicate also that their writings provide
valuable feedback to you.

Remind participants of the location of next week's session, and that the lab
will remain open for one hour after this session ends.

Who is providing refreshments for next time?

Find out if any participants have found additional access to computers on their
own, and if this access might be sharable among the inservice participants.

Evaluation Indicators

Did the participants seem to enjoy themselves?
Did they become more comfortable with the operation

of the program as the session continued?
Were they able to generate some extensions and

possible applications of database activities and
capabilites for their own classrooms?

Did they seem excited by their new skills and discoveries?
Were the novice computer users comfortable?
Were the experienced users challenged or allowed to

explore in other directions (computed fields, etc.)?
Did the participants demonstrate a fairly solid understanding of a

database during the final debriefing discussion?
Did they leave with a feeling of open endedmss in terms of possible

applications of databases and generating and testing hypothesis in their
own science classioom?
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4.2.3 Timeline

Before participants arrive, place copies of Microsoft W. ks and this session's Data disk at each
computer. Machines will be turned off.

0:00 - 0:20
20 min

Participants will complete Activity 1. Encourage them to work in pairs.
The object of the activity is for participants to become familiar with:

the concept of a database
organizing information as a list or an individual record
scanning a database looking for relationships, trends, or patterns
sorting records (alphabetically and numerically) in the database
=slating relationships, trends, or patterns into hypotheses
testing hypotheses by reorganizing and graphing of data

0:20 - 0:35 Collect:
15 min

0:35 - 0:55
20 min

0:55 - 1:;15
10 min

Game of the Week
Weekly Logs

Debrief Activity 1: Discuss the characteristics of a database:
records
fields
form organization
list organization

Questions for participants to consider:
What are differences between the record and the list formats ?
Identify and list advantages of each.
Identify and list situations/activities appropriate for each.
What factors are important to consider when analyzing data in chart
versus graph form?
When is more effective to have students access prepared graphs, and
when is it more effective to have students plot the graphs by hand?

Have participants discuss:
amount of class time allocated to students generating and testing of
hypotheses
appropriateness of this instructional strategy
why it is difficult to do and how a database might help make it easier

Make explicit the format of each session:
Activity 1 participant in mode of adult learner
Activity 2 modeling how to integrate concept into the classroom,
teacher role-playing student

Activity 2: Instruct participants to complete the activity in th,- role of a
student. They will practice using a database to:

general.. hypotheses
develop testing strategies using the sorting and selecting capabilities
of a database

Break
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1:05 - 1:25
20 min

1:25 1:40
15 min

1:40 - 1:55
15 min

1:55 - 2:00
5 min

Debrief the Game of the Week. Collect reconstructed databases and
teacher questions. Ask teachers to share materials. Discuss the results
participants obtained when doing this activity with students. Make explicit how
this activity introduces students to the concept and capabilities of a database
within the context of a science lesson (an integrated approach).

Debrief Activity 2. What happened? What did participants discover by
completing the activity?

What factors influence the number of fields and the Lmount of data
necessary to use a database effectively in a classroom?
How do you determine what information to include in a database?
What advantages are there to hypothesis testing with a database?

Have participants identify the design components of the lesson:
highly structured
model for introducing students to instructional strategy
identify and list student apprehensions associated with this type of
instructional strategy

Activity 3. Off computer. Have participants work in groups.
Each group will:

generate three hypotheses
develop testing strategies for each hypotheses

Debrief Activity. As a group develop a curriculum sequence to
ink grate this lesson into the curriculum.

Closure. Discuss the following:

New Game of the Week
Remind participants to complete Weekly Log
Distribute supplemental materials
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4.2.4 Handouts

These handouts are needed during Session 2. The facilitator may want to make some of these
into overhead projector foils for use during the inservice session.

Index to Handouts Page

Game of the Week 2

Using a Computer To Generate

and Test Hypotheses 3

Using a Database to Generate Hypotheses 8

Modifying a MS Works Database 12

Generating Hypotheses with a Paper Database 14
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Game of the Week

Part 1: Database-Colored Glasses

Once you get your mind tuned to thinking about and looking for databases, you will find them
nearly everywhere. The Game this week is to view the world through Database-Colored Glasses.
Pretend that you are wearing glasses that add a special color or brilliance to anything that might be
construed as a database. Maintain a list of all of the databases you encounter, for each, indicate one
or more possible uses. Examples can run from the practical to the ludicrous. The idea is to generate
as many instances as possible and increase your awareness of the practical applications as well as
the off-beat possibilities.

Part 2: Databases in Science Textbooks
Collections of information (databases) are commonly used in science instruction. During the

coming week examine a science textbook that you use frequently and locate two or three examples
of databases.

Photocopy the databases and answer the following questions for each:

Does the database use a form or list organization?

How many fields does the database contain?

Are there additional fields you would like in the database?

How do you use this database in your science class?

Come prepared to share this information at the next session.

1 03
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Activity 1
Using a Computer To Generate and Test Hypotheses

1. Turning on the computer and inserting the disks.

Reach behind the left side of the Macintosh and flip the power switch on.

Hold the Microsoft Works Program disk with the label up
and insert the disk into the internal disk drive.

Hold the Microsoft Works Data disk with the label up and insert the disk
into the external drive.

2. Selecting the desktop.

Using the mouse, move the cursor over the Explore Data icon.

Click once on the mouse.

A box will appear aroulii the icon and title.

Click Open on the right side of the screen.

Three small windows will appear on the screen: DDT Ecosystem (DB), DDT
Concentration (SS), and Vertebrates (DB).

III3. Selecting and opening a file.

Click on the title bar of the DDT Ecosystem (DB).

DOT Ecosystem (BB)

Click on the zoom box.

The screen should now be entirely filled by the DDT Ecosystem database form. Notice the
different types of information on the form.

4. Form organization of data.

A database is similar to a library card catalog. Information about each book is stored on
separate cards. The catalog is a collection of cards.

In a database the individual cards are referred to as forms. On the screen is an example of data
organized as a form.

The information on one form is referred to as a record.

What does the information on this record describe?
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The different types of i formation in the record are referred to as fields.

5. Scrolling

To view the forms one at a dme:

Locate the vertical scroll bar and move the cursor over the down arrow symbol
(refer to the diagram).

U Up Arrow

Down Arrow
C 21

Click once. A new record should appear on the screen.

Conenue clicking on the mouse until you see a blank form. This
blank form indicates you are at the end of the database.

Note: Be careful not to hold the mouse button down while scrolling.
The arrows are very sensitive and may cause you to miss records if you scroll too last.

How many records are in this database?

To return to the beginning:

Move the cursor over the up arrow symbol.

Hold the mouse button down until you see the first record.

CArefullv examine the records to determine if there is a relationship between the
Concentration of DDT and the Role of Organism in Ecosystem.

Jot down your thoughts in the form of a question or a hypothesis.

105
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Think of other ways the information could be organized that might make it easier to see
possible reaionships. Jot down a few thoughts.

6. List organization of data.

Information in a database can also be organized as a list.

To see the information as a list

Select Show List from the Format menu.

Scan the columns of information by moving the horizontal scroll box at the bottom of the
screen, or by clicking the right and left arrows at the bottom of the screen.

7. Sorting Records.

Reorganizing the data may help you determine if there is a relationship between the
Concentration of DDT and the Role of Organism in Ecosystem.

The computer can sort records in two ways: alphabetically or numerically. For example,
to sort records alphabetically by the Role of Organism in Ecosystem field:

Place the cursor on the heading (field title) Role of Organism.

Click on the mouse. All entries in that column should be highlighted (refer to
diagram given below).

DDT Ecosystem (DB)
Role ef Org 4f- rn !Concentration DDT
iertiarg *...n:urrier

;.....nizurrger

ter tiii111,1 C,C111:314riler

predwer
on:litypE14-

.

'Jr PJ e.:c!r131/6.1

Xeri:Uroler

13.80
0.23

22.80
0.03
0.28

c.,onzurcier

F.Rwridvij

0.21

1.17
1.28

3.15

Select Sort from the Organize menu.

Select from "A to Zn and click OK. (This causes alphabetical sorting starting at the
beginning of the alphabet.
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Repeat the procedure in the Common Name field.

8. Sorting records numerically.

Select the Concentration DDT field.

DDT Ecos!..4tem (DB) =---,---
of Organism Concentration DDTII
ry consumer
dary corsumer
ry consumer
cer
dal-9 consumer

ry consumer
dary consumer
dary consumer
dary consumer

Select Sort from the Organize menu.

Choose "0 to 9" or "9 to 0" and click OK.

Now the data L.. organized in either ascending ("0 to 9") or descending ("9 to 0") wder
according to DDT concentration.

Examine the data again to determine if there is a relationship between the
Concentration of DDT and the 12;)le of Organism in Ecosystem.

Write down the possible relationship in the form of a question or hypothesis.

Write down some ways of teaing your hypothesis. Think of computer and
non-computer methods.

9. Hypothesis testing using graphs

Data can be represented in visual formats such as tables, charts, and graphs. Microsoft
Works has a graphing utility. Ho wever, it must be accessed through the spreadsheet.

To open a spreadsheet file:

0 7
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Click on the Zoom box.

The du :. small windows should now reappear on the screen.

Select and open the DDT Concentration (SS) by double clicking on tne title Oar.

The spreadsheet contains data on DDT concentration and Role of Organism in
Ecosystem.

A graph has been created to display this information.

Select Draw Chart from the Chart menu.

Click OK. The Avg. DD" Concentration graph should appear.

Expand the Avg. DDT Concentration graph to the Full Window.

'Is the graph format easier to interpret than the list? Explain.

Write down situations when you would represent data as a:

form

list

graph

10. Closing the file.

Click on the Zoom box.

Click the Close box on the left end of the dde bar of the DDT graph.

IMPORTANT a dialog box may appear after you close each file, asking ii you wish to
save the changes to the file. Please answer NO.

Click the Close box on the left end of the tide bar of the DDT
Concentration (SS) file. Do not save the changes.

Click the Close box on the left. end of the tide bar of the DDT
Ecosystem (DB) file. Do not save changes.
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Activity 2
Using a Database to Generate Hypotheses

In this exercise you will use the vertebrates database from the Explore Data folder
to generate hypotheses and
to sort and search the database to confirm or deny some hypotheses.

Part
You may not know the meaning of the term ambient, but that just makes fie activity more fun.
Using the select feature, you will instruct the computer to pull out the records of vertebrates with
an ambient body temperature. Use this information to generate a defmition of the word ambient.

1. Selecting records from database.

To have the computer select records with Body Temperatures recorded as ambient

Make sure the database is in the List format and that the COIMIIIGS name is visible.

Choose Record Selection from the Organize menu.

Select Body Temperature in the Fields option box on left. It should become
highlighted.

Common Name
Weight in kg
DIA Span in Years
;Jiuod Pressure in mm Hg
Body FeWiiieratUre

Select contains in Rules option box on right.

equals

begins with
is greater than
is greater than or equal to

A vertical line cursor is now blinldng in the rectangular box after Record Comparison
Information.

Type ambient in this rectangle.

Click Install Rule at bottm of screen.

Click the Select box at the bottom of the screen.

You will now see reculus for vertebrates with ambient body temperatures.

0
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Look at the Class field and note the types of vertebrates that have ambient body temperatures.

Write down the names of these vertebrates.

Do the names of the vertebrates with ambient body temperatures suggest a definition of the
term? Write down a definition that is suggested by the data you have available.

Part II

Selecting and sorting records might suggest additional hypotheses. For example, there may be a
relatiouship between the number of eggs ur litter size of a vertebrate and the number of
months that a vertebrate cares for its young.

Before selecting the records, as a group come up with a hypothesis that might describe the
relationship between the number of eggs or litter size of a vertebrate and the number of months
vertebrates care for their young. Write it down.

1. Selecting and sorting records.

To test your hypothesis you will select only those records that contain information about egg
or litter size and care of young.

Select Record Selection in the Organize menu.

Delete both current rules by clicking the Delete Rule box twice. "No Rules Are In
Effect" should appear after Selection Rules.

Use the arrows to scroll the field names until Number of eggs or litter size is
visible.

Select Number of eggs or litter size from the Fields option box. Using the
arrows to scroll, select is not blank from the Rules option box.

- , ,
Click the Install Rule box. . s }

. _..
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Select And under the Selection Rules.

Select Care of young from the Fields option, then selut is not blank from the
Rules option box.

Click the Install Rule box and then click the Select box at the bottom of the screen.

Using the records that have been selected, can you make a statement about the relationship
between the number of eggs or litter size of a vertebrate and the length of time that vertebrate
cares for its young?

It might be easier to form a hypothesis about this relationship if the rcords were organized in
some manner.

Sort the records according to the Number of eggs or litter size field.

Did selecting and sorting the records help confirm or deny your hypothesis? Use this space to
write additional comments that occur to you.

Part III

Visually inspecting sorted records might suggest additional search criteria for selecting out records
to look for relationships or to confirm or deny hypotheses. In the next example you will compare
Incubation Time in Days and Weight in kg.

1. Sorting records numerically.

Select the Incubation time in days field.

Select Sort from the Organize menu.

Choose "0 to 9" and click OK.

Make a note of any general patterns or trends.

To her you form or test a hypothesis, select out the records of those vertebrates classified as
Mammals.

To select records:
1 1 1
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Select Record Selection in the Organize menu.

Delete. both current rules by clicking the Delete Rule box twice. "No Rules Are In
Effect" should appear after Selection Rules.

Use the arrows to scroll the field :tarries until Class is visible.

Select Class from the ilelds opzion box.

Select contains in the Rules option hox on right.

A vertical line (cursoi-) I; now blinking in the rec:angular box after Record Comparison
Information.

Type mammal in this rectangle.

Click the Install Rule box.

Click Select at the bottom of the screen.

Do the selected records help you form, confirm, or deny a hypothesis? If not, suggest
additiontil ways to search and sort the database that might help you .
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Optional Activity
Modifying a MS Works Database

You may wish to modify a database by adding or deleting records and/or fields. The set of
directions given below leads you through the steps to modify the Microsoft Works Vertebrates
database you have been using in Session 2.

1. To add records to a database, select Show Form in the Format menu.

Scan to the last zecord by dragging the vertical scroll box all the way to the bottom.
A blank record form should appear on the screen.

Select the data box ! side Common name. It should become highlighted.

Type Alligator, and press RETURN. Notice the highlighted area automatically
moves to the next field.

Enter the fclo..1ing data, pressing RETURN after each entry.
Class -
Life spni in years - 56
Weight in kg - 226.96
Number of chromosomes - 32
Numuer of Eggs or Litter Size - 35
Incubation time in days - 45
Care of young in months -
Blood pressure in mm Hg - leave blank
Body temperature - Ambient
Heart rate in BPM - 40

After the last data ertry, a new blank record form automatically appears. Invent your
own entries to be added to another record to the database.

To see if your new records are included in the list, select Show list from the
Format menu. The new entries should appear at the end of the list.

2. You may also need to &lete records from a database. To do this, scan the list to fmd the
"Human" record. Select the small box to the left of "Human" by clicking on it. The entire
"Human" row should become highlighted. Select Cut from the Edit menu.

Describe the changes that take place within the list.

You may wish to practice deleting other records in the same way.

3. You can also modify fields. To change a field name, select Number of Eggs or Litter
Size. The entire data column should become highlighted. Then select Change Field Name
from the Edit menu. Type Offspring per breeding cycle, and press RETURN.

Note: It may be necessary to expand the width of the column to see the entire title. To do this
place the cursor directly on the line between the "Offspring..." field and the field ti the right of
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it. A line-shaped cursor ( I ) will appear. Hold the mouse button down, and "drag" the edge of
the field to a wider position. Release the mouse button.

4. You can also delete a field. To do this select the Life Span field. The entire data column
should become highlighted. Select Delete Field from the Edit Menu.

What changes take place within the list?

5. To add a field, select Add New Field from the Edit menu.

Type Scientific Name and press RETURN.

Find Perch in the Common Name column, and select it.

Select Show Form from the Format menu.

Select the data box to the right of Scientific Name. It should become highlighted.

Type Perca fluviatilis and press RETURN. You may need to expand the data
box by placing the cursor directly on the end of the box (a I will appear). Hold the
mouse button down, and "drag" the box to the desired width. Release the button.

If you have time, you may wish to explore other possibilities! The following are some
optional suggestions you can try.

5A. To rearrange the fields within record forms, place the cursor on the field name (a hand will
appear), hold the mouse button down, and "drag" the field to a new location. Release the
mouse button.

Rearrange the fields to visually group the ones you feel are related. View other records by .

using the vertical scroll bar or the up/down arrows.

Does the new arrangement remain consistent for all of the records?

58. A menu option is selected by clicking on it; a ,:heck will appear next to that option. To deselect
an option, click to remove the check.

To change the visual effect of record forms, select and deselect combinations of bold
characters and/or borders nom the Format menu. (Note: Make sure you are in the Form
format, before trying to change the record form.)

Which combination of record formats do you feel is clearest and easiest to read?

6. You ,: n rearrange fields \ .ithin records, add and delete fields and records, sort, search,
manipulate, and examine as time allows.
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Name:

Activity 3
Generating Hypotheses With a Paper Database

In this activity you will examine a hard (paper) copy of the Vertebrate Database to

generate three hypotheses
suggest how to search and sort the database to confirm or deny your hypotheses

Part I
Work with two or three other participants in the inservice. As a group, generate three
hypotheses. Write them in the space provided.

3.

Part II

Do this part of the activity working by yourself. Afier each member of your group has finished,
compare and contrast results. For each hypothesis, explain how you could use searaing and
sorting capabilities with a database to help you confirm or deny the hypothesis. Write your testing
strategies in the space below.

Hypothesis 1:

CI3 Notebook 4.2.4 Handout 'e 1 4



Hypothesis 2:

Hypothesis 3:
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4.2.5 Student Materials

This Materials sections of the Notebook contains sample lesson plans and other materials
designed for inservice participants to use with their students. The set of materials provided in this
section is an off machine activity. It helps illustrate the basic ideas of a database and can be used
over a wide range of grade levels.

Index to Materials

What's a Database?

Description:

Topic: Understanding a database
Grade Level: 6 - 10
Time: 30 - 45 minutes

Grouping: whole class,
then 4 groups

What's a Database?

Page

1

Materials:

Software: None
Equipment: None
Other:
3 X 5 index cards
(3 for each student),
butcher paper (2 large sheets),
tape, markers

Objectives:
1. To understand the structure and format of a database by creating a data file and data table.
2. To gain insight into how a computei might facilitate sorting database information.

Before You Start:
1. Gather the materials.
2. Prepare a blank wall chart on the butcher pt.per. The number of horizontal spaces should be

equal. to the number of students in the class. Draw one vertical line, about six inches from tht
left edge of the paper, leaving enough room to enter the students' names in the leftmobL column.

3. Label another bla7k piece of butcher paper "FIELDS" and post it in a prominent place.

Lesson:
1. Present a brief, informal introduction by posing the question, "What is data?" Ask students how

collections of data affect their lives, when collections of data might be useful to them, and what
kinds of information they would like to know about their classmates.

2. After a few minutes of brainstorming, allow the students to record their suggestions of
information categories on the "FIELDS" poster. Continue until there are 10 - 12 categories of
information listed. Son4 possibilities include: Birth dates, favorite musical group, least favorite
food and numuer of sib'angs.
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3. At the same time, one student can be adding columns to the blank chart, and labeling each
column with a new category suggestion. The chart should have a labeled column for each
"FIELD" category listed on the poster.

4. Pass out three index cards to each student. They can begin filling in the cards with their names
and data for each information category. Each student should make three identical index cards
with their personal information.

S. After students fill out their cards, each one will Zll in their name and the data on the large data
chart.

6. When all data is entered (three identical cards fa each student and th: large data chart posted in
the room) students divide into four groups. One group is designatee as the "chart" group, whiie
the other three are labeled as groups A, B, and C respectively. Groups A, B, and C move to
corners of the room or other convenient locations where they cannot readily read the chart,
while the chart group huddles near the chart. Each student gives one of his or her cards to each
of the groups A, B, and C. Thus, each of the groups A, B, and C haF a complete set of data on
cards, while the chart group has the complete set of data on the chart.

7. Begin the DAT A RACE GAME. The object of the game is to be the first grcup that correctly
sorts through all of the records to match the "rules" given by the teacher.

8. Teacher reads selection rules aloud. Examples of i-ules might include: "Find all records for
students who have birth dates in May and December." "Find all records for students whose last
names contain the letter R." "Find all records for students who listed Miami Vice as their
favorite TV show OR who listed pizza as their favorite food."

9. Students use any me I they wish to sort through cards or the list to arrive at the correct
number of records. The first group to finish rcads their list of student names for that selec 'on
rule while the other groups check for accuracy. Points may be awarded for both speed and
accuracy.

10. The game continces at the teacher's discretion. Another challenge or "rule might be to have the
groups sort all records alphabetically by last name, or numerically by birth date.

11. Debrief. What were dome of the problems of trying to sort data in this manner? What are some
techniques students used to solve these problems? What are some tools that migh. be useful in
solving these data sorting problems? Did the chart list or the collection of cards seem to be more
useful for specific types of selection rules?

Post:

1. Use this activity to introduce vxabular; for computer dal-. bases: Record, Form, List, Search,
Sort, Selection Rules, Fields, Instance, etc.

2. Enter the data into a computer database. Set up a station to allow students to sort, search, add
more fields and records, etc. Let them make selection rule "challenges" for their classmates,
using AND/OR connectors.

Comments: Jot down strong and weak points of the lesson and suggest changes for next time.
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4.3
Session 3: Creating a Database for Testing

Hypotheses

4.3.1 Narrative Overview

Session 3 provides participants their first opportunity to design and implement an electronic
database. Session 3 objectives are to (a) provide participants :Elided practice in the skills necessary
to construct databases, (b) familiarize participants with the CP model for designing databases, and
(c) demonstrate how to tie the construction of databases to the science curriculum and to the
generation and testing of hypotheses.

As the designer and facilitator of a science inservice, you face a difficult task. It is relatively
easy to design an inservize that "covers" a wide range of computer topics. But research suong',
suggests that merely "covering" the top:cs contributes very little to actual teacher change in the
classroom or to studerts getting a better education. The Session 3 as presented here "covers" a very
important topic. If time permits, it is highly desirable that this session be expanded to allow the
topic can be covered in adequate depth and breadth so there is a reasonable chance that the
participants will begin to make use of topic ideas in their teaching. Some ideas on how to spend
more time on this session's topic are provided later in this section.

Session 3 is composed of two activities. Activity 1 (Creating a Database) is an off-computer
activity that guides participants throughout the planning ard designing of a record template. Keep in
mind that generally a database is designed to help answer ceitain questions or solve certain
problems. The designer of the database must have a clear understanding of what types of q lestions
and what types of problems will be addressed using the database. Participants are instructed to
review the data sheet (Planet Characteristics) and determine questions or hypotheses they want to
test using a database containing information on the planets. Once the questions ha..c bt-en generatet:,
paracipants select fields for inclusion in the database. The fmal steps are designing the record
template, and determining the data type (date, numeric, text, time) for each field.

In the debrief of Activity 1, make explicit the steps in the database design model (refer to
Design Model). These include (a) selecting the data source, (b) formulating questions to be tested
using the database, (c) designing the record template, and (d) constructing the database. Highlight
the importance of determining how you want to use the datab? t before actually building it This is
a key idea. A database is designed to answer or help answer a ?redetermined set of questions, or lo
help solve a predetermined set of problems. (Of course, frequently the database is also used to help
answer questions or solve orob'-ms that were not anticipated when the database was being
designed. This may be quite Jitncult to do in the re.uuvely simple types of databa:e systems used
during this inservice. More sopthsticated database systems are, in essence, relatively general
purpose ptogramming languages. With such a more sophisticated system it may be possible to rite
a program to restructure the database in order to help answer an unanticipated question.)

Activity 2 (Creating an Electronic Database) uses a structured guided discovery approach to
enable participants to construct me planned database. Modifications to the guide sheet may be
required, depending on your hardware and software resources. When making modifications,
remember to continue to link database construction to the content and objectives of the your scknLe
curriculum.

Debriefing of Activity 2 should not occur until after participants have had time to use their
databases. The testing phase points out flaws in the design process. Have participants volunteer
how they would alter their original template designs and why. Emphasize the repetitive nature of
this process (design, test, modification, test). Have participants discuss the similarities between
database cJnstruction and design o' scientific expaiments. This cyclic approach is a key idea in
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solving problems. The relative et.se of making changes via a computer lends itself to studying and
practicing this approach to problem solving.

This week's Game of tilt. Week actually serves as three Games of the Week. Thus, when you
hand it out, indicate that it is to serve as the Game for Sessions 3, 4, and 5, and that it will require
additional data collection and malysis work thereafter. Time needs to be provided during Session 4
and Session 5 to coordinate the work that participants have done during the preceding weeks.
(Alternatively, a group of volunteers can do this work outside of the regular Session meeting times.
If Session time is quite limited, this is a desirable alternatil )

The three-week Game of the Week activity demonstr ,s how databases can be integrated into
the laboratory experience. The idea is to collect data, ente, It into a database, and iook fo: trends or
patterns that suggest a relationship between weather conditions and a person's mood. The activity
was suggested by a high school science teacher in our first pilot group. He had developed it and
successfully used it with his studeats.

The specific activity of Session 3's Game of the Week is for participants to design a data
collection sheet. Debrief the results of their work during Session 4. During week 4 participants are
to develop a modified version of the data collection instrument based on ideas that are discussed
during Session 4. They should try out their forms by collecting some data generated by themselves
and a few students. In Session 5, use group consensus to develop a final version of the instrument.
(Or allow each participant to develop his or her own final version of the form to be ased. Be aware
that when different scientists approach the same problem, they do not all approarh it in the same
way or achieve the same results.) The final instrument(s) can then be used by the participants and
the's students for data collection during the subsequent three weeks. It is appropriate to require
participants during Session 8 to turn in summary statistics of the data that has been collected.

Pilot testing during the NSF project indicated this type of activity is an excellent way for
participants to identify the characteristics of data that can be incorporated in a database. It also
provided participants prac.tir:e designing record templates to test a complex problem. Discussion of
template design highlig'its the wide range of options possible depending on the hypotheses to be
tested. This activity models how teachers in the context of experimentation can extend student's
knowledge abvit databases and their limitations. It also models one technique for allowing students
to conduct experiments where they are activey involved in the design and analysis oi data. There is
nothing cookbook about this approach

Our pilot studies indicated that ow vo-hour session was not adequate to meet Session 3
objectives. We recommend a minimum four two-hour sessions. The first session should focus
on how to design a database and the skills required to implement it using the compute:. End the
session by faminarizing participants with the Database Sequence handout (30 minutes).

The addition of a second session does not required the development of new materials. This
new session simply provides tirrn for (a) additional instruction in implementing the database, (b)
completion of the Creating an Electronic Database Activity, and (c) participants to use their newly
constructed databases. This session should set aside 30 to 40 minutes for participants to share their
nypotheses and testing strategies.

A rhird session provides time for teachers to design and implement a second database and
related I sson plans for use in their classrooms. The goal is to provide participants practice so they
feel comfortable working on their own. To accomplish this in two hours, have participants select
their data, and design the record template prior to the inservice. (Note: Teachers should feel
comfortable with the concept of a database and have mastered the basic skills necessary for
constructing one befort asking them to work on t'aeir own). Organize the session so the first half is
for implementing the database and inputting the cam. The remaining time should be unstructured to
allow participants time to use their databases for hypotheses testing, and for obtaining additional
help from inservice personnel.

If feasible, recruit participants willing to peer teach their lesson in a fourth and final session.
The fourth session allows time for volunteer participants to try out their newly developed lessons in
a simulated classroom situation (peer teaching). Videotaping the session for review and critique by
the group is highly recommended.
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4.3.2 Script

Theme Designing and constructing databases to generate and test hypotheses.

Objectives 1. Provide guided practice designing databases.

2. Provide guided practice constructing databases.

3. Demonstrate using databases to conduct experiments.

4. Develop increased mastery in database operations.

Materials Software Hardware
Microsoft Works Macintosh computers
Data disk 3 x 5 cards (one per participant)

Resources

Handouts
Activity 1 oCreating a Database to Test Hypotheses)
Activity 2 (Creating an Electronic Database to Test Hypotheses)
Game of the Week
Particirant Log
Making A Database

overhead projector or white board
overhead marker or pens for white board
refreshments

Setup Before participants arrive, have copies of Microsoft Works and the data disk at
each computer. The computers will be turned or. By now the participants
should be quite comfortable in booting up the computer system.

Introduction Session 3 provides participants with a suggested model for introducing
10 minutes students to the use of database.; in the context of generating and testing

hypotheses. The session also provides participants a block of time to design
and implement an electronic database. The facilitator should be aware that one
two-hour session is insufficient to adequately learn the ideas of this session.
Participants should be strongly encouraged to spend a reasonable amount of
time during the week working on developing a functional ;evel of skill in using
the ideas of this session.

Activity 1
20 minutes

The first part of this session ties in well with the off-machine Activity 3
(Generating hypotheses with a Paper Database) from Session 2.

Creating a Database is an off-computer activity that models designing
a database by first identifying the type of questions you want to answer. (The
initial steps in designing a database are almost always done off the computer,
either mentally or using pencil and paper. If good computer facilities are
readily available, the next step is to pilot test the ideas, by developing a
prototype on the computer.) Instruct participants to start constructing their
database after completing this activity. Debrief the entire process following
Activity 2.
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Activity 2 Creating an Electronic Database is a structured guide sheet to enable
20 minutes participants to construct (implement) the planned database.

Hands on computer time demonstrates: (a) creating a file, (b) saving a file, (c)
creating a record template, (d) template organization, (e) formatting fields, and
(f) generating and testing hypotheses using a database.

Break Bn..ax: Relax, mingle, refresh.
10 minutes

Debrief Debrief Activities 1 and 2. Brainstorm with participants to develop a model
15 minutes for planning how to cc....truct a database. Discuss how the type of questions or

hilpotheses to be tested influences the design of the database. Place particular
emphasis on problem solving. A database is designed to help solve a specified
category of problems or answer a specified category of questions. But there
are always unanticipated problems and questions that can be addressed by a
database. If the database is carefully designed, it may conveniently be used to
address these unanticipated problems and questions.

Activity 3 Participants will develop testing strategies te :...:Zirm or deny their hypotheses.
30 minutes Allow enough time for participants to actually use their databases (play time).

Debrief Ask participants to share their experience in using the database. Encourage
10 mi utes participants to share flaws in their initial design. Did the design allow the

hypotheses to be tested; how would they alter their original design? Emphacize
the repetitive nature of the design process ( design, test, modify, test). Have
participants discuss the similarities between database coa3truction and the
design of scientific experiments.

Closure
5 minutes

Game of
the Week

Think
Ahead

The objective of this week's game is to demonstrate how databas can be inte-
grated into the laboratory experience. Participants will design a data collection
sheet. This will be used to collect data to determine if there is any evidence to
suggest a relanonship beween weather conditions at.id a person's mood. This
project will :ake three weeks to get started, and then several weeks for data
collection. It can serve as a major "term" project required of all participants.

Discuss the requirements for the fmal projects. The design of these final
proiect activities may depend heavily on the level of science and computer
sophistication of participants. Some participants may nt to work in groups
while others may want to work alone. In any case, the goal is participant
involvement in a manner that increas_s the likelihood that they will actually
transfer knowledge and skills from the inservice to their teaching.

The last session of this inservice series will be devoted to participants
presenting their final projects, debriefing o. the inservice series, and
evaluation. Guests are welcome. Participants should make a major effort to get
some of their fellow teachers and some of their cchool administrators to attend.

Remind participants of the location of next week's session, and that the lab
will remain open for one hour.
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4.3.3 Timeline

Before panicipants arrive, havt copies of the Microsoft Works and Data disks at the
computers. Distribute Session 3 activity sheets as participants arrive.

0:00 - 0:10
10 min

0:10 - 0:15
5 min

0:15 - 1:00
45 min

1:00 - 1:10
10 min

1:10 - 1:25
15 min

Provide participants with time to execute the testing strategies developed in
conjunction with Acivity 3 (Generating hypotheses with a Paper Database)
from Session 2.

Display the Database Sequence handout on an overhead. Recommend
that participants use this model in developing materials that use databases for
generating and testing of hypotheses. Encourage teachers to identify and
describe potential problems they may run into when using the model

Be prepared to offer suggestions on how to deal with the following:
teaching database skills in the context of a science lesson
use of peer tutors
potential resources computer teacher, commercial database software
packages
equipment related issues lack of machines, use of large group
demonstration, team teaching
how all of this relates to teaching problem solving

Activity 1 and Activity 2: Participants will complete both activities before
the debriefmg occurs. Activity 1 instructs participants to examine the character-
istics of the planets looking for patterns or general trends that suggest possible
relationships. Each group will generate three hypotheses for future testing
using a database they construct.

After generating the hypotheses, participants will design a record template
using a three-by-five card. Upon completing the design phase, partic pants
will move directly into Activity 2.

Activity 2 demonstrates:
creating a file
saving a file
creating a record template
template organization
formatting fields
hypothesis testing and confirmation

Break. Collect Weekly logs and Game of the Week.

Debrief Activity 1: Brainstorm with participants to develop a model for
planning how to construct a database. Discuss how the type of quesfons or
hypotheses you want to test using the database affect its design.

Debrief Game of the Week: Using chalk board or overhead, compile a list
of databases participants currently use. Have participants discuss:

if electronic versions of these databases would be useful as
instructional tools
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1:25- 1:45
30 min

1:45 - 2:00
15 min

ideas for converting paper databases into electronic ones
databases that woule be useful for a variety of subjects
memorization versus having good "look it up" skills

Participants will develop testing strategies to confirm or deny their
hypotheses using the newly created databases.

Closure: Discuss the following:
Purpose and design of new Game of the Week

designing an observation Pxperiment
Game will extent over st .eral weeks
modeling a purposed student activity

Discuss final projects. Some possible ideas for pmjects include:
converting the planet information into an Apple Works database
developing a student handout for constructing a database using a
different piece of software
developing lesson plans to use with a particular database

Suggest
that schools with enough participants might form two groups; one to
set up a database and another to generate some activities and
handouts using the database

Stress
importance of -haring with other participants and fellow teachers the
handouts and clbases that are constructed

Invite guests, especially school administrators, to the final session when
projects will be presented and curriculum implications of CII will be
discussed.
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4.3.4 Handouts

These handouts are needed during Session 3. The facilitator may want to make some of these
into overhead projector foils for use during the inservice.

Index to Handouts Page

Creating a Database 2

Creating an E.-cuonic Database 9

Game of the Week 14

Preparation for Final Project Presentations 15
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Act!vity 1
Creating a Database

In this activity you will create a database to help you confirm or deny three hypotheses. This
handout contains a chart that describes the following features for the planets in our solar system:

position among planets
mean distance from the sun
rotation period
period of revolution
mean orbital velocity
inclination of axis
inclination of orbit
eccentricity of orbit
equatorial diameter
diameter reladve to earth
mass
mass relative to earth
mean density
gravity
gravity relative to earth
escape velocity at equator
average surface temperature
atmospheric pressure at equator
main components of atmosphere
planetary satellites

Using these fields, generate three hypotheses you would like to test with your database. Write
them in the space below. You will then design a database that will help you to test these three
hypotheses It will contain only part of the data available to you.

1.

2.

3.

It is helpful to plan the format of each record before going to the computer. Take a note card 0
and as a group decidt, the information on each planet you will include in your database.
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Note: Each group must include one field in their database called PLANET
which should contain the name of the planet.

Earth Jupiter Mars

Position among third
planets

fifth fourth

Mean Distance 149,600,000 km
from sun 92,900,000 mi.

1 AU

778,300,000 km
483,300,000 mi.
5.202803 AU

227,900,000 km
141,500,000 mi.
1.523691 AU

Rotation 23 hr.,
Period 56 min., 4 sec

9 hr.,
55 min., 30 sec.

24 hr.,
37 min., 23 sec.

Period of 365.26
Revolution earth days

4,332.6
earth days

687
earth days

Mezn Orbital 29.79 km/sec.
Velocity 18.46 mi./sec.

13.0t, km/sec.
8.1 mi./sec.

IP

24.13 km/sec.
14.98 mi./sec.

Inclination 23 27'
of axis (in degrees and minutes)

3 5' 25 12'

Inclination o
of orbit (in degrees)

1.3

(to ecliptic)
1.9

Eccentricity 0.017
of orbit

0.048 0.093

Equatorial 12,756 km
Diameter 7,921 mi.

1413, 000 km
88,803 mi.

6,787 km
4,215 mi.

Diameter 1.0

relative to
eanh

11.21 times 0.532 times

Mass 5.98 x 10 24
kg
13.2 x 1024
lb.

1.899 x 10 27
kg
4.187 x 10 27
lb.

6.42 x 10 23
kg
14.2 x 10 23
lb.
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Earth Jupiter Mars

Mass
relative to
earth

1.0 317.9 times 0.1074 times

Mean
Density 5.52 g/cm3 1.314 g/cm3 3.93 g/cm3

Gravity (at
the equator')

9.78 rn/sec2
32.1 ft./sec.2

22.88 m/sec. 2
75.06 ft./sec2

3.72 rn/sec. 2
12.2 ft./sec.2

Gravity (relative
to earth)

1.0 2.34 0.38

Escape Velocity
at equator

11.2 km/sec.
6.96 mi./sec.

59.5 km/sec.
36.9 mi./sec.

5 km/sec.
3.1 mi./sec.

Average
Surface
temperature (in degrees)

288 K 165 K
(1-bar level)

218 K

Atmospheric
pressure at
equator

1 bar 1 bar (apx.) 0.009 bar

Atmosphere
(Main components)

Nitrogen 77 %
Oxygen 21 %
Water 1 %
Argon .93 %

(near cloud
tops)
Hydmgen 90 %
Helium Ni 10 %

Carbon dioxide 95%
Nitrogen 2.7 %
Argon 1.6 %

Planetary
Satellites

1 moon 16 moons 2 moons

Mercury Neptune Saturn

Position among
planets

first eighth sixth
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Mean Distance
from 3un

57,900,000 km
35,960,000 mi.
0.387099 AU

4,497,000,000 km
2,793,000,000 mi.
30.0578 AU

1,472,000,000 km
914,000,000 mi.
9.53884 AU

Rotation
Period

59
earth days

22 hr.
(or less)

10 hr., 39 min.,
20 sec.

Period of
Revolution

88
earth days

60,189
earth days

10,759.2
earth days

Mean Orbital
Velocity

47.89 km/sec.
29.7 mi./sec.

5.4 km/sec.
3.35 mi./sec.

9.64 km/sec.
5.99 mi./sec.

Inclination 2'
of axis (in degrees and minutes)

28' 41' 26' 44'

Inclination
cf orbit (in degrees)

7 1.8 2.5

Eccentricity
of orbit

0.206 0.'. 09 0.056

Equatorial
Diameter

4,880 km
3.030 mi.

49,500 km
30,739 mi.

120,000 km
74, 520 mi.

Diameter
relative to
earth

0.382 times 3.88 times 9.41 times

Mass 3.303 x 10 23
kg
7.283 x 10 23
lb

1.030 x 10 26
kg
2.271 x 10 26
lb.

5.686 x 10 26
kg
12.538 x 10 26
lb.

Mercury Neptune Saturn

Mass 0.0558 times 17.23 times 95.2 times
relative to
earth
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Mean 5.42 g/cm3 1.8 g/cm3 0.69 g/cm3
Density

Gravity (at 3.78 rn/see,2 11 m/sec. 2 9.05 rn/sec. 2
the equator) 12.4 ftlsec.2 36 ft../sec. 2 29.69 ftlsec. 2

Gravity (relative
to earth)

0.38 1.12 0.92

Escape Velocity 4.3 km/sec. 23.6 km/sec. 35.6 km/sec.
at equator 2.7 mijsec. 14.66 rni./sec. 22.1 mi./sec.

Average surf= 440 K 43 K 140 K
Temperature(in degrees) (1-bar level)

Atmospheric
pressure at
surface

10 -15 bars N.A. lbar (apx.)

Atmosphere Virmally none Hydrogen Hydrogen 94 %
(Main components) ( of that,

Helium .98,
Hydrogen .02)

Helium
Methane

Helium ,- 6 %

Planetary none 2 rnoons 15 moons
Satellites

Uranus Venus Pluto

Position among
planets

seventh second ninth

Mean Distance
from sun

2,870,000,000 km
1,782,000,000 rni.
19.189 AU

108,200,000 krn
67,200,000 mi.
0.723332 AU

5,900,000,000 krn
3,664,000,000 rni.
39.44 ',U

Rotation
Period

- 23.9 hr.
(retrograde)

- 243.01
earth days(retrograde)

6 days, 9 hr.,
18 rnin. (retrograde)
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Period of
Revolution

30,685.4
earth days

224.7
earth days

90,465
earth days

Mean Orbital
Velccity

6.8 km/sec.
4.2 nii./sec.

35.03 km/sec.
21.75 mi./sec.

4.7 km/sec.
2.9 mL/sec.

Inclination 97 55'
of axis(in degrees and minutes)

3' 60' (?)

Inclination
of orbit(in degrees)

0.8 3.39 17.2

Eccentricity
of orbit

0.047 0.007 0.25

Equatorial
Diameter

51,800 km
32,168 mi.

12,104 km
7,517 mi.

3,500 km (?)
2,173 mi.

DiarrIter
relative to
earth

4.1 times 6.949 times .,. 0.27 (?)

Uranus Venus Pluto

Mass 8.66 x 10 25
kg
19.09 x 10 25
lb.

4.87 x 10 24
kg
10.7 x 10 24
lb.

6.6 x 10 21
kg
... 14.5 x 10 21
lb.

Mass
relative to
earth

14.6 times 0.815 ,. 0.0017 times

Mean
Density

- 1.2 g/cm3 5.24 g/cm3 .. 0.7 g/cm3

Cravity (at
the equator)

.77 m/sec.2
25.5 ft./sec.2

8.60 m/sec.2
28.2 ft./sec.2

4.3 m/sec.2
.. 14.1 ft./sec.2
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Gravity (relative
to earth)

0.79 0.88 0.43

Escape Velocity 21.2 km/sec. 10.3 km/sec. 5.3 km/sec.
at equator 13.2 mi./sec. 6.40 mi./sec. 3.29 milsee.

Average (cloud tops) 730 K .. 0 V.:
surface temperature 58 K
(in degrees)

Atmospheric
pressure at
equator or surface

N.A. 90 bars 0.1 millibar (?)

Atmosphere
(Main components)

Hydrogen Carbon dioxide 96 % tenuous
Hdium 4iuogen 3.5 % methane and
Methane possibly neon

Planetary
Satellites

5 moons None 1 moon

Bunch, B. (1984). The Science Almanac (1985-1986 Edition). Garden City, NY. Anchor Books.
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Activity 2
Creating an Electronic Database

Note: These directions are for Microsoft Works Version 1.0.

1. To start insert the

Microsoft Works Program disk in the internal drive

Microsoft Works Data disk in the external drive.

Note: Remember to click on the drive box until the Mini-finder screen displays the following
icons: Microsoft Wo..., Mammal File..., Fish Files, Explore Spr..., Kinematics,
Explore Data, and Energy Balance.

2, To create a new file:

Select the Microsoft Wo.. icon,

Click on Open on the right side of the screen.

Select the database icon (see figure below).

File Edit Window

Open File:

tg
al

All Works
Types

En
:I::

Word
Processor

Data
CO tik1)-1

Spread Communica
Base Sheet

ca3 MS WORKS PROGRAM I

Click on the NEW box (bottom right of the dialog box).

3. Entering field names.

Note: If you make a mistake while entering a field name, just continue without trying to fix it. It
is easier to edit after all the field names have been entered.

To enter a field name:

Type in the field name when you see the Field name box.

CI3 Notebook 4.3.4 Handouts Page 9
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dd Fle9

Untitled (DB)

Field Name:

s

( Done

The word Untitledl will be replaced by the field name.

Click on the Add Field box or press the RETURN Its,y.

Continue to add field names until all the fields have been entered, then

Click on the Done box.

To change a field name:

Select thc field to be edited.

Select Change Field Name... from the Edit menu. The Field
Name box should appear on the screen.

Put the cursor in the rectangle behind the field name.

Click once. This should deselect the field name.

Back space to erase, and type in the correction.

4. Changing characteristics of fields in form format.

To expand the length of the data box of a field:

Place the cursor directly over the end of the data box.
An I-beam should appear.

Hold the mouse button down and drag the mouse to expand the box.

Release the button when the size looks correct.

Practice expanding other field boxes.

5. Arranging fields on database form.
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You may wish to reposition the fields to group categories of related data. To do this

Move the cursor over the field name. A hand should appear.

Hold down the mouse button and drag the field to a new location.

Release the button.

6. Setting field attributes.

A field attribute tells the computer what type of data to accept in each category. There are 4
data types: text, numeric, date, and time. The field containing the names of the planets is an
example of text.

To set the field attributes:

Select a field.

Pull down the Format menu

Select Set Field Attributes ...

Select the appropriate Type. For example if the field contains numeric data you may
select various types of Display, Alignment, or Style.

Note: The computer automatically displays numeric data with two places to the right of the
decimal point. You may wish to change this.

When you have finished selecting data attributes for a field:

Click on the OK box.

Note: You can double click on the data box (next to the field name) to set the field attributes.
This is somewhat faster than using the Format menu for each field.

Set the attributes for all the fields.

6. Entering data.

Data can be entered in either the form or list format. Usually data is entered using the farm
because it shows all the relds on the screen. However, if there are only a few fields it may be
easier to enter the data using the list format.

In this exercise, enter data using the form. "ro enter data:

Click on the the data box of the topmost field. The data box should become
highlighted.

Type in the data from the keyboard. The data will appear at thz. top of the screen in the
edit bar as you type.

Press TAIL The data will appear in the data box.
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The next field automadclIly becomes highlighted. Continue to enter data as the fields become
highlighted. To select any field, click on its data box. Continue entering data until all fields have
been entered.

,

A blank form will appear when all the data for a given record has been entered. Continue add:,,g
information until all the data for the nine planets has been entered.

7. Changing the appearance of records.

You might like to change the appearance of the records in the database. To see the options
available:

Pull down the Format menu.

Several options are available: bold field names, bold field data, border field names, and border
field data.

To select any of these features

Select a feature and release the mouse button. A check will appear by the option
when is has been selected.

Select several options.

If you.do not like a change, it is easy to change back. To deselect an option

Select the option a second time. The check should disappear, and
the appearance of the record form should change.

Choose the combination of options you feel make the informaticn easy to read.

8. Show List Format

To see how the information looks as a list:

Select Show list from the Format menu.

Move through the database using the horizontal scroll bar.

9. Changing field size in list format.

To increase or decrease the width of fields:

Place the cursor on the lines between the Eeld names. An 1-beam should appear.

Holding the mouse button down move the mouse until the width is correct, men
release the button.

10. Moving fields

Practice rearranging the order of the fields:

Click on the heading of a field. The entire field should become higalighted.
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Cancel )

Holding the mouse button down, drag the field to a new location and release the
button.

Look at the database in both the form and list format to make sure all fields and the data in them
are clearly visible and grouped to help students see patterns or trends.

11. Saving the file.

When you are satisfied with the organization of the database, you will want to make a permanent
record of it. To save the file

Select Save As... from the File menu.

Click on the Drive box. MS WORKS DATA should appear at the top.

Enter a name for the database. The name you enter will appear as you type, and will replace
Untitled as the document name.

Saue Document Rs: GD MS WORKS ...

( Eject

Drive

Click on the Save box to save the database on the data disk.
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Name:

Game of the Week

For this week and the next two weeks, the Game of the Week will relate to designing an
experiment to determine if there is a relationship between the weather and a person's mood. Notice
that you will need to develop measurable definitions of both "weatuer" and "mood." You should
think about developing definitions that students can follow with reasonable consistency. Once the
definitions and appropriate data collection forms have been developed, you will use their with some
of your students for several weeks. You will be expected to turn in summary statistics and a Irief
written report on this project at the last inservice session.

Your assignment this week is to design a one page form (8 112 by 11) to record daily
observations of a person's mood and the weather. Phase be prepared to share at the next session.
Make enough copies so that each person in the inservice, including the facilitator, can have a copy.
This is the type of activity that does not have a single "correct" answer. You may want to engage
your students in developing suitable answers. After all, the goal is to develop forms that they can
use. As you get ideas, try them out on your students. This is called pilot testing.
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Preparation for Final Project Presentations

All participants are required to take part in group presentations at the eighth and final session.
Each group will turn in a short written description of the project one week before the final session.
It is assumed that all members of a group will make a significant contribution to the work of the
group.

Each presentation will be a maximum of 10 minutes long.

Each presentation will be followed by a short debriefmg invol all inservice
participants and guests.

Please make 25 copies of any handouts used in the presentation.

If you create a database or spreadsheet, please share it with the other participams. Blank disks will
be available at the last session so you may copy participant produced databases and spreadsheets.
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4.3.5 Student Materials

This Materials sections 1 the Notebook contains sample lesson plans and other mat,..,rials
designed for inservice participants to use with their students.

Index to Materials Page

Database Sequence 2

Maldng a Database: An Cff Machine Activity 3
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Non-Computer

Activities

create database

using 3 x 5 cards

create wall chart

database

hand sort 3 x 5 cards

cut and paste paper

database

Database Sequence

Concept of a database

Terms

11141111

1

Database operations:

sorting and selecting

field

form

list

record

field

column

row

list

sort

rearrange

list

record sort

rearrange

Students use a database

to test hypotheses.

Students use a database to

generate and test hypotheses.

[arrange fields

list

selecting

records

sort!ng

records
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Making a Database: An Off-Machine

Description:
Topic:
Grade level:

Time:
Grouping:

Objecdves:
1)

2)

Activity

Creating and using a database
6-10

30 - 45 mimltes, 2 days
Whole groups then small
groups of 2-3.

To practice organizing data
into a data file and data table.
To practice selecting specific
records to test hypotheses.

Before you start:

Materials:
Software: none
Equipment none

Other: reference books
2 large sheets butcher paper
index cards 1 per student
marking pens
card file box

1. Gather the materials.
2. Prepare a blank wall chart on the butcher paper. The number of hcrizontal .;paces should be

equal to the number of students in the class. Draw 6-10 vertical columns, leaving sufficient
room to write in column headings.

3. Post the chart in a prominent place.
4. Post the other blank sheet in a prominent place.

Lesson:

Day 1
1. Intraduct. the activity in the context of a unit or general topic area the students are currently

st idying. Eikit the main topic area from the students (i.e., "The Solar System") and then allow
them to generate specific subjects within that topic (i.e., planet names, moons, the sun, etc.).

2. As the students generate specific subjects, those subjects should be entered in the left.most
column on the blank wall chart.

3. Discuss what kinds of information might be interesting o: aseful to !mow about these specific
subjects. These can be generated as questions, then condensed to one or two word titles.

4. Enter the information titles in the vertical columns across the top of the blank wall chart.

5. Help students decide on a consistent way to record this infoemation on their index cards. When a
fe:mat is agreed upon, model this on the blank sheet of butcher paper by writing the field names
in the appropriate location.

6. Each student chowes one of the specific subjects. In small poups or pairs, students are to use
reference books to find the information they need to record on the index card following Olt, model
format.

7. When the students are through entering the data on their index cards, they I ,an enter their data on
the large information chart.
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Day 2

I. Introduce the ' .sor. by explaining that scientists generally tend to look for patterns or trends,
then try to form generalizations to explain these. A generalization, or hypothesis, should then be
tested to see if it really holds true in all known cases. Note that this can aiso suggest the need to
find new cases.

2. Direct the students' adention to the large data table. Brainstorm any patterns that might show
relationships between the categories of information. Lead the students to form hyputheses
(i.e., the larger the planet, the slower its orbital speed). Generate 5-8 hypotheses.

3. Using the tables or the collection of index cards in the file, students work in small groups to
"test" these hypotheses. F .ch hypothesis should be examined and the group should aecide if they
agree with the hypothesis. If not, state the "exception" that causes them to disagree, and try to
generate a new hypothesis.

4 Debrief with the entire class, having each group state whether they agreed or disagreed with each
hypothesis and why. Discussion/debate should ensue, with possibilities for new hypotheses
being gt..nerated.

Post
Create a computerized database. Set up a station to allow students to sort, search, add more
fields and records, anc" so forth. Let them list hypotheses to be tected with the sorting and
selecdon capabilities of the database application.

Comments

Jot down strong and weak points of the lesson. Suggest changes and extensions. This general
lesson plan could be used several times in a course.
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4.4
Session 4: Introduction to Hypothesis

Te.sting Using Spreadsheets

4.4.1 Narrative Overview

Session 4 has two goals: 1) to gradually reduce participant dependence n detailed training
aids, and 2) to demonstrate how spreadsheets can be used to generate and ti 'what if' questions.

The general approach to hands-on activities used in these inservice sessions is working in
pairs. Generally speaking, this works well, and both participants using a rnechine gain the desiled
knowledge and skills. However, there is a danger that a few participants will let their partners du all
of the work. Before using Session 4 materials it is important to determine, either formally or
informally, if all participants are uomfortable with basic computer operations. These include turning
the computer on and off, booting up the Microsoft Works software, using databases from a disk
file, and simple file operations (opening, closing, modifying, saving changes). Such an assessment
may reveal which participants require additional help before using the materials developed for this
session.

One difference between a typical inservice and a university class now bczomes apparent. In L,
university class, you would feel free to give a "test" in which students had to take a data disk and
Microsoft Works, go to a computer, start up the system, accomplish specified tasks, shut down the
computer system, and turn in the results. Most inservices do not have such formal testing. Research
strongly suggests that teachers participating in inservices do not like to be placed in such testing
situations.

A database and a spreadsheet are relatively similar data structures. In their simplest forms, each
is a rectangular array of cells. Each generally contains provisions for rearranging rows or columns,
inserting new rows or columns, and deleting rows or columns. A spreadsheet contains provisions
for doing alithmetic on specified rows or columns. It contains provisions for inputting formulas that
specify what arithmetic is tc be done. In the early history of computer databases, the database
software generally did not contain provisions for doing arithmetic on the data. Hov.ever, some
d?...nase programs now provide these capabilities.

The version of Microsoft Works used in these inservices has relatively limited rmthematical
graphing capabilities, and these are designed to work with data given in a sprealsneet. Thus, if one
wants to graph data that is in a database, it must first be moved to a spreadsheet. TI:s was a design
decision on the part of the software developers. Some database programs contain graphing
capabilities. For example, the program FrEdBase (nis is freeware designed to run on the Apple II
series of computers, distributed by California CUE and by ISTE) contains graphing capabilities.

A spreadsheet is a very powerful piece of software. It was originally designed to be used in
business. The rows and columns of a spreadsheet resemble the accounting forms that are commonly
used in business. Many of the problems that commonly occur in business can be modeled using a
spreadsheet program. Relatively complicated business problems can be solved using this tool.

As spreadsheet software became commonly available, it soon became evident that there .vere
also many prcblems outside of business that could be attacked through use of th,s softwaie. Nov .
many junior hig I school computer literacy courses contain a unit on spreadsheets. It is appropriate
to teach use of spzeadsheets in science and math classes, as well as in business classes.

Activity 1 (Using Spreadsheets to Generate and Test Hypotheses) uses a structured guided
discovL:y approach to demonstrate how to use a spreadsheet to make and test predications
(hypotheses). Participants predict the relationship between two quantities (mass and weight) ar...:
use the spreadsheet to test their predictions. Mass and weight were selected because of their
common occurrence in the middle and secondary curriculum-md because teachers should feel
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comfortable predicting a relationship between the two. Remembex, you want teachers to focus on
how to use spreadsheets to generate and test hypotheses, not on content expertise.

Note that the issue of focusing on science content versus comp LIr content comes up over and
(Ives again as one does a computer inservice for science teachers. It is essential that the inservice
facilitator be highly competent both science and in the computer field. At each stage of the
inservice a careful decision needs to be made on how much focus to place on the computer content
and how much on the science content. This is highly dependent on the science competence of :lie
participants.

The debriefmg session should focus on how using spreadsheets to answer "what if' questions
provides teachers with a new method of experimentation in their science curriculum. Spreadsheets
allow participants to make predications, test predications, and receive immediate feedback without
the overhead of mathematical calculations.

The piloting of the matesials in this session revealed that some participants may have
reservations about using spreadsheets with students whose mathematical skills are low. The
reservations are similar to those concerning the use of calculators or electronic graphing (i.e.,
students must have developed mastery of the skill before using the technological aid). It is important
for participants to have time to express these concerns. Take on the role of faciit id record
keeper during the discussion, bu allow participants to struggle with this issue by ...anselves.

It may be worth noting that tre mathematics education leadership in the United States (working
through the National Council of Teachers of Mathematics) have strongly supported use of
calculators in schools since the late 1970s. They argue that a substantial part of the mathematics
education emphasis on by-hand calculations should be replaced by use of calculators, more
emphasis on mental estimation, and more emphasis on problem solving. Moreover, at the college
level. siudents in science and engineering classes are generally allowed to use calculators whenever
they please, including during tests.

As the facilitator you may wish to introduce or refer participants tc Seymour Papert's argument
that if student's see the need and/or an application for knowledge they will be more willing to
develop the skill (Mindstorms, 1980). As record keeper, record the types of students and the
teaching situations for whom participants think the use of spreadsheets is appropriate. This
information can be very valuable when participants start to develop their own materials.

Activity 2 (Microsoft Works Graphing Introduction) and Acdvit) 3 (Microsoft Works Printing)
are examples of training aids designed to develop teacher mastery (and later on student mastery)
using the graphing and printing component of Microsoft Works. Please note that mastery is taught
in the context of hypothesis testing and that one activity is not sufficient to develop it. Depending on
your software resources you may wish to devote an entire session to an electronic graphing package
(there are a number of commercially available graphics packages designed for use by scientists).
The key to developing mastery is to provide teachers enough time to practice and feel comfortable
using the software before expecting them to integrate it into their classroom instruction.

During the previous week parEcipants have been working on destning definitions and data
collection forms for a study on weather and moods. Each participants was to prepare a one page
handout to be shared with all other participants. To continue this activity, ask participants to take
these handouts, develop defmitions and data collection forms they feel are suitable, and field test
them with some of their students. They are to bring to the next inservice session multiple copies of
the definitions and data collection forms that they have developed, at? I a brief written discussion of
some of the features of their work that they consider particularly goc 1. These will be shared among
all participants and be used for still another round of revision.

During the National Science Foundation pilot testing of the materials in this Notebook, a
formative evaluation was performed at the end of Session 4. A sample of the instrument used is
included in Part 5 of this book. It is designed to take between 15 and 20 minutes to administer.
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4.4.2 Script

Theme Using spreadsheets to generate and test hypotheses.

Objeetivto 1. Demonstrate how a spreadsheet can be used to facilitate generating and
testing of hypotheses (predictions).

2. Demonstrate how a spreadsheet can be used to practice the following skills:
graphing data
developing formulas to express mathematical relationships
sorting data in ascending or descending order
generating and testing predications

Materials Software Hardware
Microsoft Works Program disk Macintosh computers with
Microsoft Works Data disk one printer per 3-4 computers

Randouts
Using Spreadsheets to Test Hypotheses
Micmsoft Works Graphing Introduction
Microsoft Works Printing Introduction
Microsoft Works Graphing Help Sheet
Spreadsheets in the Classroom: Part I
Spreadsheets in the Classroom: Part 11
Participant Log
Game of the Week

Resources overhead pmjector refreshments
overhead markers Science Skill transparency

Setup Before participants arrive have copies of Microsoft Works Tm and the data disk at
each computer. The computers will be turned off. By now participants should
feel very comfortable starting up a Macintosh computer system.

Introduction The materials for this sessior assume no previous experience with spreadsheets.
The maxerials are not intended to develop participant mastery in the design or
implementation of a spreadsheet or in specific spreadsheet operations. The
primary goal is to develop positive teacher attitudes about using spreadsheets for
the generation and testing of hypotheses with all ability level students.

A spreadsheet is a computer tool designed to make it relatively easy to develop
mathematical models for certain types of problems. While problem solving is
stressed in science, not all science teachers are good pmblem solvers. Similarly,
while modeling is a key aspect of science, not all science teachers have a goat
understanding of modeling. They do not recognize that a formula such as
distance = rate x time or F -... mc2 is a mathematical model. Thus, some
participants will be encot ..ering the need to learn about spreadsheets
simultaneously with learning more about problem solving and modeling. This
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Activity I
30 minutes

Debrief
15 minutes

Break
10 minutes

Activity 2
40 minutes

Activity 3
10 minutes

difficulty should be openly addressed and discussed. Mathematical Liodeling is a
key aspect of science!

Activity 1: Using 3preadsheets to Generate and Test Hypotheses
demonstrates a process approach to science using the computer. Th- activity
models how to use a spreadsheet to: 1) generate a hypothesis to de! :be the
relationship between weight and mass, 2) sort data to test hypothesis, and 3)
predict what would happen to the weight of an object if there was a change in the
force of gravity. In this activity, participants are building a mathematical model,
a spreadsheet, to investigate an important problem in science.

This introduction to use of a spreadsheet focuses on solving a partic, r problem
rather than on learEng to use a spreadsheet. This is a key idea throughout the
^13 project inservices. Computer software is getting easier to learn and easier to
use, but problem solving itmains difficult. Thus, the emphasis in a hands-on
inservice should be on problem solving rather than on details of using a specific
piece of software. The idea here is to role model such instructional behavior and
make sure that participants understand that they also should begin to adopt such
behavior in working with their own students.

Make sure that Ballistic (SS) is left on the desktop before the start of Activity 2.

Activity 2: Microsoft Works Graphing Introduction uses a structured
approach to demonstrate how electronic graphing can be used to generate and
test a hypotheses. Because of the structured guided approach, the activity allows
students without previous computer experience to construct a hypothesis using
the graphing tool of Microsoft Works.

Once agair it is important to clearly differentiate between learning the "key press
sequences" needed to accomplish specific tasks (such as to graph data) and
understanding what problems one can solve using the computer tool. It is
relatively easy to learn key press sequences; and besides, it is easy to have a
performance aid available. It is much harder to learn to solve problems using the
computer tool. Thus, much of the instructional emphasis needs to be placed on
the use of the compmer tool in problem solving.

The purpose of this activity is to allow participants to print out the graphs
produced by the computer in the prey' )us exercise. This is an optional activity.
It can be completed by participants after the session if they have access to
computers.

Debrief What type 3f graph is most appropriate for a particular type of data? Is there
10 minutes some easy way to tell when to use a pie chart, or when to use a bar graph? For

example, a pie chart is a "parts of a whole" type of graph. It is mos:
appropriately used when some quantity (such as a 24 hour day) is beit.0 divided
into pieces, and you want to make visually clear the relative sizes of the pieces.

Closure If the formative evaluation instrument is to 've administered, the closure will take
5 minutes about 25 minutes.

Game of A% appropriate, debrief last weeks' Game. Make sure that each participant gets a
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Game of As appropriate, debrief last weeks Game Make sure that each participant gets a
the Week copy of the one-page handout that each participant was to prepare during the

week. Indicate that this type of pooling of ideas and feedback cycles can be quite
helpful in developing defmitions and information collection forms that are to be
used by a wide variety of people.

Formative If a formative evaluation is to be performed, provide time at the end of Lin,
Evaluation session. The insTunent given in Part 5 of this book takes about 15-20 minutes

to administer.

Final Check to see if participants have questions about their final projects. They
Project shorld be worldng on the projects in a systematic manner, rather than leaving the

work until the last qunute.

The International Society for Technology in Education (ISTE) publishes a spreadsheet-like piece
of software called Formula Vision. It is an inexpensive and excellent aid to introducing science
students to the idea of mathematical modeling in a spreadsheet environment. The software is very
easy to learn how to use. If time permits, it would be appropri:ae to devote about a half of a session
to Formula Vision. This activity requires access to Apple 11 Jr MS-DOS compatible computers.
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4.4.3 Timeline

0 Before participants arrive have the Microsoft Works Program disk and the Data disk .it each
computer. Machines will be turned off.

0:00 - 0:30
30 min

0:30 - 0:45
15 min

0:45 - 0:55
10 min

0:55 - 1:35
40 min

1:35 - 1:45
10 min

1:45 - 2:00
15 min

Activity 1: Using Spreadsheets to Generate and Test Hypotheses.
Participants working in groups will complete Activity 1, which
demonstrates the following spreadsheet features:

sorting
automatic recalculation

Debrief Activity 1. What did they learn? What level or type of student
would benefit most from an activity like this?

Break. Collect logs and check to make sure Ballistic (SS) is the only file on
the desktop.

Activity 2. Microsoft Works Graphing Introduction. Participants
working in pairs will complete Activity 2.

Activity 3. Microsoft Works Printing Introductiun. This is an optional
activity. Some participarns may need additional time to complete .Activity 2.

Closure. Debrief Activity 2. If a formative evaluation is to be done, delete
Mtivity 3 and shorten Activity 2 by about five minutes. The formative
evaluation form takes about 20 minutes to complete.

Briefly discuss the ongoing Game of the Week. Make sure that each
participant gets a copy of the one page handout that each participant was to
prepare Remind participants of the location of the next meet' ig and to fill in
their loi sheets. Keep the room open for an hour for anyon ho wants
additional time. Suggest that if participants want to do Act. ,y 3, this extra
hour of computer lab access would be a good time to do it.
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4.4.4 Handouts

These handouts are needed during Session 4. The facilitator may want to nmke some of these
into overhead projector foils for use during the inservice.

Index to Handouts

Using Spreadsheets to Generate
and Test Hypotheses

Page

2

Microsoft Works Graphing Introduction 6

Microsoft Works Milting huroduction 13

Microsoft Works Graphing Help Sheet 14

Game of the Week 15

CI3 Notebook 4.4.4 Handouts Page 1
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Activity I
Using Spreadsheets to Generate and Test Hypotheses

1. Inserting the disks.

Microsoft Works Program disk into the internal drive

Microsoft Works Data disk into the external drive

2. Selecting the external drive.

Use thc mouse to move the cursor over the Drive box on the right side of the
screen.

3. Selecting the desktop.

Select the Explore Spr... by clicking on it once. A box will appear around the
icon and title.

Click Open on the right side of the screen.

Two windows will appear on the screen: Weight 1 (SS) and Ballistic (SS).

4. Expanding to a full window.

Double click on the title bar of the Weight 1 (SS) to expand to full window.

5 Spreadsheets ran be used to see relationships that may help us to generate hypotheses. For
example, reorganizing the data the in Weight 1 (SS) may help us generate a hypothesis
describing the relationship between the weight ofan object and its mass.

One way to reorganize the data is to sort the objects by mass. Sorting in a spreadsheet is
different from sorting in a database. When you sort in a database on one column, all other
columns are automatically "carried along" in their correct, sorted order. That is, all of the
records are reordered ,o correspond to the sorting on tLe specified field. But that is not the case
with the sort facility in the Microsoft Works spreadsheet. With the Microsoft Works
spreadsheet you must sort all the columns of data at the same time, to keep the data in column
A associated with the appropriate data in columns B and C. ( Be careful you can easily
mess up your spreadsheet data. Keep a backup copy of the spreadsheet. Notice that this is
different than sorting in a database.)

To sort the data according to the mass of the objects:

Select cell A3 by clicking on it.

Holding the mouse button down, drag the cursor across Column A and B and
down until Object:. 1 through Object 10 and their masses are highlighted. Do
not select the title of either Column A or Column B. Your screen should look
like the following diagram.
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Note: If you the screen does not look like the following diagram, deselect (click one,...) and
tay again.

.70

1

2
3
4
5

A

Object

Weight 1 (SS)
B

Mass (kg) Weight (Newtons)

6
7
8
9

10
11

12
13

Object 3
Object 4

14 Gravity (m/see2

24.5
4.9

39.2
9.8

70.56
9k98
245
147
294
29.4

9.8

Release the mouse button.

Note: There is no need to arrange column C. The values are the result of calculations
using the contents of columns 41 and B. The spreadsheet automatically
recalculates Column C following the sorting.

To sort:

Select Sort from the Edit menu. A dialog box will appear.

Type in the letter B. It will replace the value in the 1st Key Column.

Sort in either ascending or descending order by clicking on the
appropriate circle.

When you are ready to sort click on the OK box.

Examine the data and write down a hypothesis to describe the
relationship between mass and weight.

Hypothesis:

6. Hypothesis testing using a spreadsheet.

Select Show Formulas from the Options Menu.
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LOUK at the weight column.

Notice that Weight of the object is calculated by multiplying the mass of an object times the
acceleration due to gravity. In this example all weights are calculated on the earth where the
acceleration due to gravity equals 9.8 misec2.

Predict what would happen to the weight kf any object if the acceleration due to
gravity were changed.

Hypothesis:

To test your hypothesis:

Select Show Values from the Options Menu. This allows you to observe
changes in the weight values.

Select cell B14.

Type in a new value and press return

7 Another test of how gravity is related to the weight of an object :s to observe how the weight
of one object is affected as gravity changes.

Choose an object to experiment with. Enter its number in the chart below.

Select Show Values from the Options Menu.

Select cell B14.

Type in the acceleration due to gravity on Jupiter (refer to following chart) and press
return.

In the chart write down the weight of the object when gravity equals 22.88.

Repeat the procedure and complete the following chart.

Object Number :

Planet

Jupiter

Venus

Pluto

Surface Gravity Wtight
(m/sec2) (Newtons)

22.88

8.60

4.3

Mars 3.72
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so

Do the changes in gravity help ) lu confirm or deny your hypothesis about the effect of
gravity on the weight of an objec '

Did this experiment p.ovide you with new information that can be used to expand your
previous hypothesis? If so write a new hypothesis.

8. Closing the file.

Close the Weight 1 (SS) by clicking on the Close box on the left end of the title
bar.

Impo, tant: A dialog boY may appear after you close the window, asking if you wish to
save L'e changes to the file. Please answer No.
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Activity 2
Microsoft Works raphing introduction

1 Graphing data is another method to represent data so ,hat one can generate hypotheses.

In this example, gjaphs are used to help us generate a hypothesis to predict the path of a
cannonball shot out of a cannon.

T1,e first two graphs ve will generate plot the horizontal and vertical speed of the cannonball
against time. Notice that we are using "time" as the horizontal axis in both cases.

HORIZONTAL
SPEED

VERTICAL
SPEED

TIME INTERVAL TIME INTERVAL

Double click on the title bar of the Ballistic (SS) to get a full window view.

The data in Row 4 describes the horizontal velocity of the object at different time intervals. The
time intervals are recorded in Row 7. The data runs from column B to M. A graph of the data
has been set up in the software, ready to be viewed. To view the graph:

Select Draw Chart from the Cli art menu.
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to

to

Select Hori. Velocity 1 and click on the OK box.

Examine the graph.

Describe the horizontal velocity of the cannonball. If possible include a numeric value
in your description.

Write down a hypothesis that predicts the horizontal velocity of the object over time.

Hypothesis:

Return to the spreadsheet by clicking on the close box of the Hori Velocity 1
graph.

2. We want to determine if a larger initial velocity affects the horizontal velocity of the cannon ball
as it leaveb the cannon. By substituting a new value for the initial velocity and graphing the
motion, we can experiment with different initial velocities.

To enter a new initial velocity:

Select C12.

Type in a new value and Press RETURN. The new value should appear in C12.
The computer will automatically recalculate the horizontal velocity.

To view the graph:

Select Draw Chart from the Chart menu.

Select Hori. Velocity 1 and click on the OK box.

Note: The computer automatically redraws the graph based on the new initial velocity.

Describe any change in the horizontal velocity of the cannon ball because of a change
in the initial velocity.

Does the new graph change your description of the horizontal velocity of an object
over time?

Close the Horizontal Velocity graph window.

3. You will constnict a graph of the cannonball's vertical velocity vs. time to help you describe the
vertical motion of the cannonball.

g
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The data in Row 5 of the spreadsheet describes the vertical velocity of the cannon ball at
different time intervals. The data in Row 7 describes the time intervals. The data,runs from

. column B to M. To graph the vertical velocity:

Select New Series Chart from the Chart menu. Enter the values as indicated in
the figure given below.

Note: At the end of the activity is a Graphing Help Sheet. Please take it out and refer to it for a
detailed explanation of the individual components in the New Series Chart window.

Et] ballistic Chart 2
Type of Chart:

0
LIME

BAR

STACK

AIM
.11

COMBO

Ualues to be Plotted:

1st Row:

2nd Row:

3rd Row: Maximum:

4th Row: Minimum:

From Column:

To Column:

5

Uertical Scale:
® Numeric
0 Semi-Logalthmic

B

M

Data Legends in Column:

Horizontal Titles in Row:
I.

fl

7

[2] Draw Grid
El Label Chart

Chart Title: Uertical Velocity of Cannon Ball

Uertical SCPlie Title: Vertical Velocity

Horizontal Scale Title: Time

Click 'n the Plot It! box when you are ready to see :le graph.

Examine the graph: write down a hypothesis that describes the vertical velocity of the
cannon ball.

Hypothesis:

Click on the close box to return to the Ballistics spreadsheet.

4. The previous graphs broke the motion of the cannon ball into two separate components:

the horizontal motion of the cannon ball

and

the vertical motion of the cannon ball
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Use the grid below to sketch the horizontal velocity graph and the vet tical vt.'.ocity graph.

HORIZONTAL
SPEED

VERTICAL
SPEED

TIME IWERVAL TIME INTERVAL

5. Setting up a graph.

Looking at the two motions on the same graph may provide additional information to describe the
actual motion of the cannonball.

To graph:

Note the row numbers of the data to be plotted:

Horizontal Velocity row number

Vertical llocity row number

Keep in mind that the data runs from column B to column M.

Select New Series Chart from Chart menu.

Enter thi! values as indicated on the next page. If you have trouble, remember to refer
to the Graphing Help Sheet.
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ballistic Chart 3
Type of Chart:

LINE

0 -4
111111

BAR

o
STACK

0
COMBO

Values to be Plotted: Vertical Scale:

1st Raw: ® Numeric
0 Semi-LJge ithmic

4

2nd Row:

3rd Row:

4th Row:

From Column:

To Column:

5

Data Legends in Column: I. II

Maximum:

Minimum:

Horizontal Titles in Row: 7

Chart Title:

Vertical Sct. le Title:

Horizontal Scale Title:

Combined Velocities

Displacement

lime

When ready Plot it!

6 The previous graphs represent the horizontal and vertical motion of the cannoriball as
independent actions. The actual path of the cannonball is a combination A the two. It can be
described by plotting the vertical displacement vs the horizontal displacement. Remember
displacement (distance moved) is a result of an object's velocity.

0

1:0 Draw Grid

[8] Label Chart

Return to the spreadsheet.

Important Ncte: Everyone will use the same value for the initial velocity and initial angle of
the cannonball.

To verify that you values are correct:

Select C12.

If the value is not 110, type in 110 followed by a return.

Select C13.

If the value is not 45, type in 45 followed by a return. To construct the graph:

Note the row numbers of the data to be plotted:

Horizontal Displacement row number

Vertical Displacement row number
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Select New Series Chart from Chart menu. Enter the values as indicated :

I-1
=L-I

Type of Chart:

0

0
LINE

11.111
BAR

0 A
0

COMBO

ballistic Chart r
Ualues to be Plotted: Uertical Scale:

ist Row: 3 ® Numerir

2nd Row: 0 Semi-Logarithmic

3rd flow: Maximum:
4th Row: Minimum: 01

From Column: B

To Column: M

Data Legends in Column:

Horizontal Titles in Row:

Chart Title:

Vertical Scale Title:

Horizontal Scale Title:

fl

2

El Draw Grid
El Label Chart

Horizontal and Uertical Di:solacement

Displacement of Y

Displacement of H

When ready Plot it!

7. Now its time to explore on your own. Make predictions that describe the path of the cannon ball
as the values of the following variables are altered: Y acceeration (acceleration due to gravity),
initia velocity and initial angle; length of the time. interval.

Try graphing the data to confirm or deny your hypothesis.
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Activity 3
Microsoft Works Printing introduction

Note: This activity requires a computer that is attached to a printer. These computers are
identified with signs. Please move to one of those computers before attempting the
activity.

1. Printing Microsoft Works files.

Click on the title bar of the Weight I. (SS).

Expand to a full window.

Select Page Setup... from the File Menu. The following dialog
box will appear.

I mageWriter
v2.3

Paper: ® US Letter
0 US Legal
0 Computer Paper

Orienthtion Special Effects:

111
traesim

a...........

0 04 Letter
0 International Fanfold
0 Custom size

E Tall Rd justed
O 50 % Reduction
0 No Gaps Between Pages

0 Nini ilo,3 and Column Numbers

Header:

Footer:

Left Margin:

Paper Width:

Paper Height:

-,
OK

,

.
( Cancel ,

8.5

11

Filename: Science#4 Printing from Microsoft WorksTM

Right Margin:

Bottom Margin: 1

1

Top Margin: I 1

1

Locate the Orientotion Box in the window.

Move the cursor (arrow) over the second box (left) under the word Orientation.

Click on the mouse.

Click on the OK box. The dialog box should close

Select Print from the file menu. A dialog box will appear instnicting you how lo
stop (cancel) the print.
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I 2. Printing spreadsheet files.

Large spreadsheets will not fit on one sheet of computer paper. Often peopie do a (by-hand) cut
and paste job to put the pieces of a spreadsheet printout into an easily readable form.

3. Printing graphs.

Select Draw Chart from the Chart menu.

Click on the title bar of the graph to be printed.

Click the OK box. The graph should appear on the screen.

Select Print Window from the File menu. The computer should print the active
window.

Practice printing one of the graphs used in the activity or th- Ballistic (SS) spreadsheet.
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Enter the ROW number for data

that will appear on the Y axis.

Type of Chart:

trj
LINE

I fhl
BAR

0
COt1B0

Values Zo

If you were graphing more than one piece of
information on the same graph (i.e., the
movement of 2 objects of different masses)
the ROW number of the second list of data
would be entered here.

Vertical Scnle:
® Numeric
0 Semi-Logarithmic

1st Row:

2nd Row:

3rd Row:

4th Row:

From Column:

To Column:

Data Legends in Column:

Horizontal Titles in Row:

Chart Title.

Vertical Sca:e Title:

Horizontal Scale Title*

kMinimum:

Max:murn:

El Draw Grid
Laber Chart

Horizontal ocitg of Ca 'nont4all

Hon al Velocity

me

Cancel Plot It!

Enter the ROW number of the data
to be plotted on the X axis.

This indicates the column where the headings
for your data can be found (i.e., if Weight is a
heading, what column does the word Weight
occur in?)

These indicate the
beginning and ending

columns for the data
that will be plotted on
Y axis.



Game of the Week

Beginning in Session 3 and continuing through Sessions 4 and 5, the Game of the Week
relates to designing an experiment to determine if there is a relationship between the weather and a
person's mood. This requires the development of measurable defmitions of both "weather" and
"mood." The goal is to develop defmitions that students can follow with reasonable consistency.
Once the defmitions and appropriate data collection forms have been developed, you will use them
with some of your students for several weeks. You will be expected to tam in summary statistics
and a brief written report on this project at the last inservice session.

Your assignment this week is to redesign your one-page form (8 112 by 11) to record daily
observations of a person's mood and the weather, and try it out with a few students. Then write a
brief report that emphasizes the best and most important feattres of your work. You want to
convinc other participants in the inservice that your ideas are important and must be included in the
fmal definitions and data collection forms that they and you are developing. Please be prepared to
share at the next session. Make enough copies so that each person in . inservice, including the
facilitator, can have one.
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4.4.5 Student Materials

This Materials sections of the Notebook contains sample lesson plans and other materials
designed for inservice participants to use with their students. This particular section contains
materials from a two-article series that was originally published in The Computing Teacher. We
have done a slight reorganization of t1-..! two-article series to make it more convenient for the
reader.

Index to Materials Page

Spreadsheets in the Classroom: Part J 2

Spreadsheets in the Classroom: Part II 8

Apple Works Reference Con-mand Sheet #1 13

Apple Works Reference Sheet #2 16

Apple Works Reference Sheet #3 18
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Firr?adsheets in the Classroom: Part I

by

Joan Marie Brown

[Joan Marie Brown, University of Michigan Dearborn, The Mall 1094, MI 48128.]

(Reprinted with permission from the The Computing Teacher, December/January, 1986-87.)

Good activities make it easier to introduce and teach spreadsheets to secondary students. Joan Brown presents two .suGh
lessons here, and two more will follow in next month's issue.

Introduction

A spreadsheet program is a large on-screen computerized worksheet, resembling a chart or a
ledger sheet. It's made up of many rows and many columns with thousands of cells. Ies.an
electronic chart in which mathematical data can be organized and manipulated. And it's a
decision-making tool, helping the user both define problems and experiment with different
solutions.

There are several reasons for using a spreadsheet progran -. with your students.

1. It encourages logical thinldng.
2. It promotes organizational skills.
3. It encourages problem solving skills.
4. It sets the stage for experimentation.
5. It enables students to view a problem in general as well as in specific terms.
6. It makes algebraic concepts concrete.
7. It gives students a new interest in math.
8. It familiarizes students with a real-lift business tool.
9. It encourages student-adult interaction.

.
10. It's fun!

Teaching a spreadsheet program to a roomful of students can be a real cnallenge. Such a
program is difficult to teach: it also can be a frustrating one to !earn. The experience, however, is
rewarding for everyone involved when the spreadsheet is inupdliced as a problem solving tool.

The "spreadsheet challenge" can be broken down into teachable, learnable parts. I have
developed four individual lesson plans to use when introducing a spreadsheet program to high
school or college students. Two appear on these pages, and two more will appear next month.

I haven't assigned a time frame to any of these lesson plans. The time needed will vary as
students progress at different speeds. It might take anywhere from one to four class hours to teach
each lesson, depending on your school's scheduling procedures, how comfortable you feel with the
material, and how well your students are grasping the information.
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LESSON ONE: BEFORE SPREADSHEETS

OBJECTIVE: To demonstrate how to manage mathematical data using a chart or a ledgei

EQUIPMENT: Overhead.

PREPARATION: Photocopy flit, v. arksheet on pages 6-7 for each student and make one
transparency of the Chart.

ACTIVITIES:
1. Assign the GRADES learning activity. You should fill in the transparency as students fill in the

CHART handout. Make this activity an interactive group project. Encourage discussion and
questions.

As you do this activity, introduce the following terms:

column data
TOW value
cell formula
label

2. In conclucion, ask students what they learned from this experience. Some possible responses
might be:

Use a pencil, not a pen!
Double check everything before you begin calculating.
Really think through the design of your chart before you begin filling it in.
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LESSON TWO: HOW TO USE A
SPREADSHEET PROCRAM

OBJECTIVE: To demonstrate how people manage mathematical data using a computerized
spreadsheet program.

EQUIPMENT: Computers (one for every two students), spreadsheet programs (one per
computer), blank disks (one per student), computer with large screen monitor, and overhead.

PREPARATION: Each studer will need a copy of the GRADES learning activity from the
previous lesson. live extra copies on hand for those who may have lost theirs. Make a
transparency of figure 1, "So . . . A Spreadsheet." For each student, design and photocopy a
reference command sheet that corresponds to the spreadsheet program your students will be usii.g.
If you using AppleWorks, photocopy the "Reference Command Sheet #1" on pages 13-15. The
following points should be defmed in your reference handout:

How to boot up the spreadsheet program;
How to create a spreadsheet file;
How to name a spreadsheet file;
How to move the cursor from cell to cell;
How to record an entry;
How to confirm an entry;
How to edit an entry;
How-to enter a formula;
How to read the screen prompts;
How to access ihe help menu;
How to initialize a disk; and
How to save a file.

You may prefer to teach disk initialization and saving files as prerequisite skills.

ACTWITIES:

1 Give each student a copy of REFERENCE SHEET #1. Read the reference sheet 1 .th students
and demonstrate each command by creating a simple spreacisheet on the computer. This gives
ctudents the opportunity to rea:.: about the new information, to see i!. demonstrated and eventually
to experiment with it in a hands-on environment. Encourage itudents to look at the program's
documentation whenever possible. Knowing how to interpre documentation is a useful skill.

2. Re-assign the GRADES learning activity. This time students will use a computerized
spreadsheet. Encourage students to work in groups of two.

3. When students have finished designing their spreadsheets, have them sav, them on ,iisk under
the file name GRADES.

4. Bring students together and lead a discussion of this experience.
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What did they learn?
How was this experience different from their experience in lesson one?
How would they explain the concept of spreadsheets to other people?
What did they like about the program?
What did they dislike about the program?
How would they apply this prop-am?

5. As a class, have the students name the steps needed to make effective use of a spreadsheet
program. List their responses on the board or on R blank transparency. The list r.Light look
something like this:

Decide what you want your spreadsheet to do.
Make a very rough draft on paper.
Boot up the spreadsheet program.
Create a new data file.
Label the columns.
Label the rows.
Enter the data.
Enter the formulas.
Let the spreadshixt pmgram do all the calculating.
Experiment with different values and let the spreadsheet program do all the recalculating.
Save your spreadsheet data file on disk.
Print out a hard copy of your spreadsheet.
M2'-e a backup copy of your file on another disk.

6. In . ,iclusion, discuss the transparency labeled SO.. . A SPREADSHEET. Ask students if
thL., have anything to add to this list.

So ... A Spreadsheet

1. Lets you define the problem.
2. Lets you decide on the steps you will use to solve the problem.
3. Helps you organize information.
4. Lets you draw conclusions about mathematical data.
5. Does all the calculations for you.
6. Lets you experiment with different values.

r.,ets you try out different alternatives.
8. Recalculates automatically.
9. Has a large storage capacity.
10. Is fast.
11. Is neat and tidy.

Figure 1.
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A. Handout: Chart

4
5

7

9
1 0

B. Handout: Grades

1. Fill in the CHART handout using the ieormation listed below.

COLUMNS ROWS
At NAME A3 ARTLEY
Cl TEST B3 MICHAEL
C2 ONE A4 BRENNEN
Di TEST B4 MARY
D2 TWO A5 KOSY
El TEST B5 JONI
E2 THREE A6 LEONARD
Fl FINAL B6 LORI
01 AVERAGE A7 SMITH

B7 BEN
A9 CLASS
B9 AVERAGE

2. Enter the following data into the correct cells,

NAME TEST TEST TEST FINAL
ONE TWO THREE

ARTLEY MICHAEL 95 100 97 100BRENNEN MARY 92 93 90 93KOSY JONI 82 85 87 92LEONARD LORI 75 82 89 90SMITH BEN 100 85 90 94

1111111.13110111. IhlinaPrc
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3. Figure out the student average for each student and enter the data in the column labeled
AVERAGE.

Write out the formula you used on this line:

4. Figure out the class average for each test and place this data in the row label(' i CLASS
AVERAGE.

Write out the formula you used on this line:

5. Sorry, but you were given s me :ncorrect information. You ne.L., ..o change a few things.

BEN received a 7 on 1sT THREE.
LORI received a 100 on TEST ONE.
JONI received a 68 on TEST TWO.

6. Please enter the new data and then recalculate where needed.
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Spreadsheets In the Classroom: Part H
by

Joan Marie Brown

[Joan Marie Brown, University of Michigan Dearborn, The Mall 1094, MI 48128.1

(Reprinted with permission from the 1 he Computing Teacher, Febmary, 1987.)

Last month we brought you two beginning activities for introducing the spreadsheet to your class: Before
Spreadsheets, and How to Use a Spreatfrheet Program . Once your students have mastered those two, they're

ready for lessons three and four, on these pages. '

LESSON THREE: HOW TO DESIGN A SPREADSHEET

OBJECTIVE: To give stu&nts the opportunity to design a spreadsheet.

EQUIPMENT: Computers (one for every two students), spradsheet programs (one per
computer), blank disks (one per stuck:A, and computer with large screen monitor.

PREPARATION: Photocopy the worksheet "Spreadsheet Stoiy Problems" on page 10 for each
student and desn and photucopy a second reference command sheet for your spreadsheet
program. (If you are using AppleWorks, photocopy the Reference Sheet #2 on pages 16-17.)
The following points should be defmed in your sheet:

How to set standard values;
How to change the layout of standard values;
How to change column widths;
How to delete;
How to insert;
How to move;
How to copy;
How to recalculate:
How to find;
How to arrange;
How to fix titles; and
How to window screens.

For demonstrating these commands, design a spreadsheet data file using the following ihforrnation,
or use one that a student designed last class period.
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Template: Grades

NAME TESTI TEST2 TEST3 FINAL AVEIAGE

ARTLEY, MICHAEL 95 100 97 100 98

BRENNEN, MARY 92 93 90 93 92
KOSY, JONI 82 55 87 92 86
LEONARD, LORI 75 82 89 90 84
VERHEYDEN, BEN 100 85 90 94

CLASS AVERAGE 89 89 91 94 91

ACTIVITIES. s.

1. Hand out the reference sheet. Using the Gr._ data file, demonstrate each command and
concept until your students und_rstand it. IL them take notes and complete the reference
command sheet yo,; explain and demonstrate. Whenever possible, encoutage them to verbalize
their understanding of this new information. This is a lot of material to cover. It may take more
than one class priod to cover it all.

2. Read through the Spreadsheet Story Problems worksheet. Tell students that, in groups of two,
they will be responsible for solving one of the problems. As a class, discuss each problem. List
questions thaf need to be answered for each before students can even begin working on them.

3. Obviously, before your students can tackle _y of the Spreadsheet Story Problems, they are
going to have to have some information made available to them. The best way to do this is to
invite guest speakers into your classroom. For example, a car dealer and an insurance salesman
would certainly be able to answer any quesons students might have pertaining to Story Problem
#1. A travel ;.gent would be the person to contact for Story Problem #1. For Story Problem 43, I
recommend inviting two different counselors from two different universities, or one from a local
junior college and one from a university in another town. Expect students to _le detailed notes.
Based on their notes, they should then decide which problems they want to solve. At that point in
time, have them consider the following questions:

How can they break this problem down into parts?
What kind of things might they consider in their solutions?
What kind of alternatives exist?
How should they structure their spreadsheets?

. 4. Assign the Spreadsheet Story Problems. Be available to answer qtr.:stions.

CI3 Notebook 4.4.5 Materials Page 9

1



HANDOUT: SPREADSHEET STORY PROBLEMS

Design a spreadsheet for one of the following story problems:

Story Problem #1
You are a junior in high school. It is almost June and you have just lined up a summer job. There is
only one problem. You don't have a car, and you are going to need one to deliver pi773s. You have
already talked this problem over with your parents and they are willing to cover half the cost of the
car. But they are not willing to pay for the car insurance orany repair bills that you might incur.
Design a spreadsheet to see exactly what you can and cannot afford.

Story Problem #2
Your class advisor wants to take your senior class on a trip Over Christmas vacation. She has
narrowed it down to three places: Toronto; Washington, DC; and Chicago. Design a spreadsheet in
which you show the best value for your money. Consider all aspects of the trip.

Story Problem #3
You want to go to college next year, but you have no idea how much the year will cost you. Design
a spreadsheet estimating your income and all expenses.
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LESSON FOUR:
HOW TO EDIT AND PRINT A SPREADSHEET

OBJECTIVE: To give students the opportunity to edit and print out a spreadsheet.

EQUIPMENT: Compute_s (one for every two students), spreadsheet programs (one for eery
computer), data disks (one for e Jery student), and a computer with a large screen monitor.

PREPARATION: For each student, photocopy the worksheet "Refreshments" on page 12 and
design and photocopy a reference sl-.aet on the printer options for your spreatt,he pros.am. (If y ou
are using AppleWorks, pholocopy Reference Sheet #3 on page 18.) Enter and copy the following
spreadsheet template on each student data disk.

1 REFRESHMENTS PROFIT
2A B C

3

4 WI ;EN LAINKS COST PER TOTAL PRICE PEP TOTAL PROFIT
5 SOLD DRINK COST DRINK SALES
6

7 6/15 65 $.15 $.75
8 6/22 72 $.12 $.75
9 7/14 100 $.10 $.75
10 7/23 55 $.15 $.75
11 8/15 150 $.08 $1.00
12 8/30 35 $.15 $.50

ACTIVITIES:

1. Hand out the reference sheet #3. Using the Grades template, demonstrate each printer option
until your students understand it. Have them take notes as you explain and demonstrate.

2. Assign the Refreshments learning activity. Have students work in groups of of two. Remod
students to refer to their reference sheet #2 when needed. Have students save their work on
disk.

3. Have students come together when they complete this exercise to discuss what they have
learned.

4. Boot up the Grades template and show students how to pnnt out a spreadsheet. Walk them
through this procedure, then have them print out a hard copy of their Refreshments
spre 'Amt.

5. EXTENSION: This is an additional activity that yol. Aght want to assign to those groups that
finish ahead of time. Have them design and research their own story problems, then soke them
using a spreadsheet. Then have them present their projects to the class.
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HANDOUT: REFRESHMENTS

1. Change the entry in cellA4 to DATE.

2. Create a new Column B.

3. Increase the width of Column B to 24 characters.

4. In cell B4 type in the label WHERE.

5. Enter the following labels in the correct cells.
B7 Diebolt's Bash
B8 Nowlin's Football Game
B9 Smith's Shower
B10 Brown's Party
B11 Jones' Open House
B12 Pim Party/White's

6. Left justify all the labels.

7. Format Columns D, E, F, G, and H so that the data appears in dollars and cents.

8. Format Column C so that the data is a fixed integer number.

9. Delete Row 8 and replace it with the following information:
A8 6/22

B8 Jackson's Wedding
C8 70

--- D8 10
F8 50

10. Place the correct CIrmulas in the cells labeled
TOTAL CO31.- .

TOTAL SALES
PROFIT

and calculate.

11. Place row 7 after row 12.

12. Find all the places where drinks were sold for 75 cents.

13. Arrange Column B alphrhetically.

14. Save this file on disk.
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e Apple Works Reference Command Sheet #1

Note: The following information was adopted and adapted from the Apple Works Refert.mi:
Manual. If you are unclear about something, ask me or refer to the documentation.

Don't worry.. .. we will experience, er)eriment, and explore each of these common, as an
entire class before you go into your groups to do your work.

Pow to Initialize a Disk

This is a procedure that you only need to do once.

1. Insert your starter disk and press return.
2. Now insert your program disk and press return.
3. Choose OTHER ACI1VITIES from the MAIN MENU. Press return.
4. Choose FORMAT A BLANK DISK from OTHER ACTIVITIES. Press teturn.
5. Look at the prompt in the lower left hand corner of the screen. Type in the following disk

name: MY.DISK. Press return.
6. Take the program disk out of the drive. Place the disk to be formatted into the drive. Press

return.
7. Don't worry about the noise. This is a no:sy procedure. You disk is initialized when the red

light goes off on the disk drive. When that happens you should replace that disk with the
program disk.

How to Make a Spreadsheet File

1. Insert your starter disk and press return.
2. Now insert your program disk and press return.
3. Choose ADD FILES TO THE DESKTOP from the MAIN MENU.
4. Choose MAKE A NEW FILE FOR THE SPREADSHEET 'rom the ADD FILES MENU.
5. Typt. the file name of the new file.

Cursor Movement

Experimeni with the following keys znd record here what happens.

1. THE ARROW KEYS

2. TAB

CI3 Notebook 4.4.5 Materials Page 1 3
1,..4

;I sr.



3. OPEN APPLE-TAB

4. OPEN APPLZ PLUS T1-ffi ARROW KEYS

5. OPEN APPLE 1

6. OPEN APPLE 5

7. OPEN APPLE 9

Some Basic Editing Commands

1. OPEN APPLe-E switches back and forth between overstrike and insert cursors.

The overstrike cursor lets you write over the information thafs dircztly under the cursor, and
The insert cursor lets you insert information to the left of the character the cursor is on.

What does the overstrike cursor look like?

Wliat does the insert cursor look like?

2. DELETE KEY deletes one character to the left of the cursor.

3. RETURN KEY confirms an entry.

4. THE ARROW KEYS confirm an entry and move the cursor over one cell in the direction of thearrow key being used.

5. OPEN APPLE-U lets you edit a cell that has a confirmed entry.

Place the cursor in the cell you want to change, press OPEN APPLE-U, correc: the information,and then press return.

Labels

1. LABELS are usually words.
2. Any entry that begins with a letter is considered a label.
3. Type a quotation mark (") before you type an entry that starts with a number when you want thatnumber to be a label.
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For example, if you typed "1986 that entry would be accepted as a label.

Values

VALUES include numbers, pointers, functions, and formulas. We will be concerned ma:My with
numbers and formulas.

1. NUMBERS are entries that are used in calculadons. They include the digits 0 through 9, and
may include ; plus sign (+), a minus (-), and/or a decimal point (.).

2. FORMULAS are mathemad.-..11 statements. They calculate numbers. They must. begin with a plus
or minus sign, a decimal, the digits 0 through 9, a left parenthesis, or an @ sign.

For more information about the @ sign; refer to the Arithmetic Functions chart in the
documentation. This chart includes definitions and examples.

What do you think this formula will do?

@SUM(7 + 3+ 7)

OPEN APPLE-Z will "zoom" you in so that you can see the formulas in the cells.

Help

OPEN APPLE PLUS THE ? will display the HELP Menu. When in doubt, press OPEN
APPLE-?.

How to Save a File

Anytime you want, you can save the file you are working on by pressing OPEN APPLE-S.
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AppleWorks Reference Sheet #2

Note: The following information was adopted and adapted from the AppleWorks Reference
Manual. If you are unclear about something, ask me or refer to the documentation:

Don't worry.... we will experience, experiment, and explore eac of these commands as an
entire class before you go into your groups to do your work.

Standard Values Open Apple-V

THIS IS IMPORTANT!

Standard values have nothing to do with what is stored in the cell, but everything to do with how
it is displayed.

Standard values affect the entire spreadsheet. Standard values tell, for example, whether labels al -
left justified, right justified or centered in cells. They also tell how many decimal places values
should have, or whether they should have dollar or percent signs.

Open Apple-V is the first command you should use when you begin setting up a spreadsheet.

We will experiment with each part of this command as a class before you work in groups at the
computers.

Layout Values Open Apple-L

THIS IS IMPORTANT!

Open Apple-L lets you override the standard values for specific cells in "ie spreadshee%

Suppose you want dollars instead of t nts in column B. This command will let you do that.

We will experiment with each part of' this command before you work in groups at the cmiputers.

Some Additional :::diung Commands

Les experiment with the following commands to find out what they do

1. OPEN APPLE-D lets you

2. OPEN APPLE-I lets you

3. CPEN APPLE-M allows you

4. OPEN APPLE-C lets you

5. OPEN APPLE-K lets you

6. OPEN APPLE-A lets you
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7. OPEN APPLE-F helps you

8. OPEN APPLE-N lets you

How to Fix Titles

Open Appte-T lets you fix the titles into place either at the TOP or at the LEFT of your
spreadsheet, or BOTH

To fix titles at 'le top Of your spreadsheet you must .. .

TJ remove fixed titles you must . ..

How to . indow Your Spreadsheet

Open Apple-W lets yoe split your spreadsheet into two windows, either side by side or top and
bottom.

To split your spreadsheet side by side you must . . .

To split your spreadsheet into top and bottom ru must . . .

Open Apple-J moves the cursor to the corresponding cell in the uther window. It lets the cursor
imp from one window to the other.

To SYNCHRONIZE the two windows, just press Open Apple-W and choosc synchronize. You
can now move both windows of your spreadsheet at the same time so that row for row or column
for column, the two windows will match.

To restore your spreadsheet back to one window, press Open Apple-W again and choose ONE.
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Apple Works Reference Sheet #3
Note: The following informatioft was adopted and adapted from the AppleWorks Reference
Manual.

How to Print Out

Open Apple-0 lets you work with the PRINTER OPTION MENU.

Platen width
Left margin
Right margin
Characters per inch
Paper length
Top margin
Bottom margin
Lines per inch
SC (SPECIAL CODES)
PH (PRINT REPORT HEADER)
Spacing

Open Apple-P lets yJu print out a hard copy of your spreae,sheet.

Choose All, Rows, Columns, or Block
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4.5
Session 5: Using a Spreadsheet to

Generate "What If?" Questions

4.5.1 Narrative Overview

To a very large extent, scientists increase their loaowledge and understanding of science through
the careful formulation of questions and th. development of means to help answer the questions.
The means for answering questions may be laboratory equipment, careful observation, the
development of mathematical models, and so on. Once a scientist has developed appropriate
methodology to ahswer questions, the scientis will likely ask a series of "What if?" questions.
What if I :.ncrease the gas pressure? What if I decrease the hiass? What if I increase the velocity?
What if I double the amount of reagent? What if the time goes to nearly zero?

The goals of Session 5 are:

I. To provide another example of how spreadshee.s can be used to facilitate the generating and
testing of hypotheses in the science classroom. We will do this by asking and answering
"What if?" questions, making use of a spreadsheet model to help answer the questions.

2. To provide participants with practice implementing an electronic spreadsheet model to help
solve a speciFed problem.

Integrating .se of a spreadsheet into regular instruction is conceptually more difficult than
learning to make _se of software applications such as databases, graphing, and word processing.
Our NSF project research indicates that numerous examples and substantial practice time are
necessary. A two hour session is insufficient to accomplish these goals. If fime permits, we
recommend that the time devoted to the content and ideas of Session 5 be exrnded by 4-6 hours.

If the two hour session given here is to be expanded to eight hours, we suggest:

1. Use Activity 1 and Activity 2 during the first two hours.

2. Allocate an entire two-hour session to Activity 3.

3. Devote the third two-hour session to the development of a spreadsheet and materials for use in
the participants' classrooms.

4. Design a fourth sesqion consisting of peer teLhizg the newly de 'oped lesoons and the
sharing of experiences of :-;ardcipants piloting the lessons in theh classrooms.

Activity 1 is an off-computer activity v.herc panic-Tants generate "What if?" questions and set up
a paper spreadsheet. They then use the paper spreadsheet and by-hand calculations to answer the
questions. The debriefing should focus on pointing out the similarities between the paper
spreadsheet and an electronic spreadsheet. You also want to introduce terms such as cell, label,
numeric values, and formulas in the context of designing and using ., spreadsheet.

Perhaps the most inwortant idea of spreadsheets is that they are an aid to developing certain types
of mathemaical models and then carrying out the computations in the models. A great deal of the
"thinking" part of using a spreadsheet occurs as one develops the model for a particular problem.
This thinking must be done whether the spreaLsheet is to he implemented on paper or on a

,
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computer. As participants work on designing their paper spreadsheet, get them actively engaged in
talking about the type of thinking (higher-order skills, problem solving) that is necessary to develop
a model to help solve a science problem.

Activity 2, Using a Spreadsheet to Answer "What if?" Questions, demonstrates the advantages
of an electronic spreadsheet over a paper and pencil approach. Once a spreadshee, model has been
developed, much of the work of answering the "What if?" questions is done by the computer. In
addition, it is often much easier to change a spreadsheet model than to change a pencil and paper
model. This makes it possible to explore a wider range of questions. During this activity, allow
participants tinae to play, to experiment, to do trial and error exploradon. Our piloting of these
materials indicated this was one of the best methods for generating excitement about this use of
spreadsheets.

During the debriefing, brainstorm with participants to determine science content or concep,s
that might be taught using spreadsheets. Continue with this activity until you have a minimum of
four or five applications 'In each science area (biology, chemistry, earth science, physics or physical
science). This activity helps teachers identify places in their curriculum where they may wish to
develop a spreadsheet activity. Finish the debriefing with a discussion of the how using
spreadsheets as instructional tools aids both high and low level students. Review the timeline for
specific suggestions on this point.

Activity 3, Creating a Spreadsheet to Answer "What if?" Questions, focuses on the details of
actually setting up a spreadsheet model on a computer. Please note that one activity is barely
sufficient for participants to feel comfortable trying this process on their own. Many colleges give
entire courses on how to use a spreadsheet.

During the NSF project we introduced spreadsheets as an aid to students developing and using
models to solve science problems. Certainly that is the ultimate goal for the use of spreadsheets in
science. However, there is an alternative approach that can be used to introduce teachers to
spreadsheets. The teachers can be taught how to use a spreadsheet for their own personal needs, or
for educationally related needs. In the former category, teachers might learn to use a spreadsheet to
keep a household budget. In the latter category, teachers can be taught to use a spreadsheet to record
student grades. The rational behind this approach is that as teachers become nire comfortable
using spreadsheets, and understand their capabilities, they will see ways to use them in regular
instruction. The evidence to support this --ationale is sparse. The research strongly suggests that if
you want teachers to exhibit a certain classroom behavior, you should give them specific instruclion
and practice in that behavior.

The increasing availabilty of spreadsheet software and other computer aids to mathematical
modf'ing is a challenge to our science education system. Many science teachers note that their
students have relatively poor computational skills, and perhaps have students make use of
calculators to circumvent this difficulty. But a great deal of science depends on mathematical
modeling. It requires a reasonably good understanding of mathematics (for example, of algebra and
geometry) to develop mathematical models of some of the simpler situations that occur science.
The more complex situations are modeled using calculus and higher levels of mathematics. We can
provide students with access to computer aids to mathematical modeling. But this does not
circumvent the problem that students need to have a reasonable understanding of the mathematics
being used in the modeling process if they are to be successful in developing and making
appropriate use of mathematical models.
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4.5.2 Script

Theme Using spreadsheets to develop mathematical models as an aid to solving
ience problems; using spreadsheets to actually help sol .e science probiems.

Objective: 1. To provide an example of how spreadsheets can be used to facilitate the
generating and testing of hypotheses in the science classroom. Participants
will practice asking and answering "What if?" questions. A different way
to view this objective is that the intent is to study the use of spreadsheets to
develop mathematical models useful in the sciences.

. To provide participants with practice in implementing an electronic
spreadsheet to help solve a specified problem. (This is an obctive suitable
for participants who have used a spreadsheet before.)

Materials: Software Hardware
Microsoft Wor,Zs Program disk Macintosh computers
Microsoft Works Data disk with printers

Handouts
Activity 1: Generating "What if?" Questions
Activity 2: Using a Spreadsheet to Answer "What.if?" Questions
Activity 3: Creating a Spreadsheet to Answer "What if?" Questions
Game of the Week

Resources overhead projector handheld calculators (optional)
overhead markers refreshments

Setup Macintosh computers and Microsoft Works software should be szt up before
participants arrive. An appropriate number of the handouts should be placed at
each computer work station, alon vith the needed data disk. (Provide
participants with calculators if r ,T,1 it will help them on the first activity.)

Introduction Although the Narrative Overviev, discusses three activities, most participants
will fmd that there is not time to do all three during the session. Parti. -nts
with little o: no previous experience with spreadsheets will do the fr two
activities. participants with a solid background in using er,re adsheets will
browse the material of Activity 1, move immediately into Acthity 2, and then
continue with Activity 3.

It is important that the facilitator help participants understood that a spreadsheet
is a piece of computer software specifically designed to help develop and
implement certain types of mathematical models. A spreadsheet is a rather
limited aid to mathematical modeling, and was not specifically designed for use
in the sciences. Rather, it was designed originally for developing financial
models in business. However, it is a powerful aki to building rather general
mathematical models. Thus, a spreadsheet is quite useful in addressing a
n 'mber of the types of problems that come up in the study of science.

Activity 1 As participants arrive, get them into pairs or groups of three, and have them
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30 minutes begin to work on Activity 1. (By now you should know which of your
participants have already used spreadsheet software. If you intend to have these
pr-dcipants move rapidly oil to Activit-, 2, you will want tc group them
accordingly. If you want to keep all participants working together, make sure
that there is one participant who has spreadsheet experience placed in each
group.) There are several underlying goals in Activity 1. Participants become
familiar with the specific problem being addres ed. They practice solving it by
hand. They practice developing "What if?" questions and answering them. They
begin to detect a pattern in the types of computations needed to answer
questions related to Activity 1.

Debrief Focus on the patterns that seem to be emerging. What role do humans play in
20 minutes posing and answering the qncstions, and what role might a computer play? Are

there lots of areas in the sciences which seem to lead to questions as occur in
Activity 1? Which aspects of generating and answering the questions seem
suited to particular levels of students or to specific science classes?

Break
10 minutes

Activity 2
30 minutes

Relax, socialize, and enjoy.

Participant move to the Macintosh computers, load the Microsoft.Works
software, and begin to experiment with the computer spreadsheet representation
that corresponds to Activity 1. Initially, the emphasis is on becoming familiar
with use of the spreadsheet software. However, this is relatively easy, so that
the emphasis soon switches to solving problems.

Debrief Focus the discussion on what parts of Activity I can readily be turned over to a
20 minutes computer, and what role humans play in solving these types of problems. How

much training and experience might it take for a secondary school science
student to learn to make use of a spreadsheet model that has been developed by
someone else? Is this a useful thing to do in science education? What is gained,
and what is lost?

It is important to realize that some of your inservice participants may not have a
good understanding of model building, hypothesis generating, and hypothesis
testing. As you help such teachers learn about spreadsheets, your underlying
goal is to change the v ay that they ap-)roach the teaching of science. This is a
major task. You should expect resistance, and you should be very pleased if
you achieve even modest success

Ctrcure Allow some time to coordinate the Game of the Week, which is a continuing,
10 minutes multi-week activity. Also allow time for questions about the term projects. Keep

the computer lab open for an hour, so that participants can work on activities of
their choice or on Activity 3.
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4.5.3 Timeline

Before Articipants arrive have the Microsoft Works Program disk and the data disk at each
computer. Machines will be turned off. Group participants into pairs or triads is they arrive. Group
participants with previous spreadsheet experience together if you want these pairs to move rapidly
to creating their own spreadsheets.

0:00 - 0:30
30 min

0:30 - 0:50
20 min

Participants will complete Activity 1. Activity 1 models the first phase of
using spreadsheets to generate and test hypotheses. In this phise, participants
solve some problems by hand and eventually detect a pattern of repeated and/or
quit(.1 similar calculations. Computers tend to be quite useful in situations
where a fixed set of calculations need to be done repeatedly.

Debrief Activity 1. Did any participants make use of handheld calculators?
What did participants learn by doing Activity 1? Is it a suitable activity to use
with science students? Focus on developing a model, a pattern, and other
places in science education where somewhat similar models or patterns appear.

0:50 - 1:00 Break
10 min

1:00 - 1:30 Participants will complete Activity 2. The activity demonstrates use of a
30 min spreadsheet to carry out the calculadons needed to solve a collection of I . y

similar problems.

1:30 - 1:50 Debrief Activity 2. How long did it take tr, learn how to use the spreadsheet?
20 min How long would it take science students to learn to use this spreadsheet? Was

the software easy to learn how to use, and was it easy to use? What would
make it better? How would science education be affected by making such
software available to students? Would science education be better or worse?

1:50 - 2:00
10 min

Closure. Make sure that the it Ati-week game on moods and weather is
progressing smoothly. Note that this week's Game handout contains a new
Game that is to be done during the coming week. Allow time for questions
about the term projects.
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4.5.4 Handouts

ID These handouts are needed during Session 5. The facilitator may want to make some of these
into overhead projector foils for use during the inservice.

Index to Handouts Page

Activity 1: Generating "What if?" Questions 2

Activity 2: Using a Spreadsheet to Answer
"What if?" Questions 5

Activity 3: Creating a Spreadsheet to Answer
"What if?" Questions 8

Game of the Week 13
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Activity 1
Generating "What if?" Questions

Problem

It is nearing 11 .,..h time and you know that you are wrestling late this afternoon in the 150 pound
weight class. Currently you weigh 149 pounds. For lunch you would like to eat two B:g Mac's.
The questic i is: Do you have enough time to use up the Big Mac calork... so your weight does
not go 01/"C' 150 pounds? You intend to Cio some exercising during the afternoon, so you know
tnat you will burn up some calories.

You also have in mind other types of "junk fax:" that you might decide to eat. Thus, you need
to develop a procedure for solving the weight problem for a variety of different choices of
menu.

This handout contains a calorie chart for selected food items. It also contains a chart that can be
used to determine how many catories are burned up by a variety of physical activities. These
charts and a spreadsheet (either on paper, or in a computer) can be used to develop a pro -edure
for solving a wide range of weight problems.

Solution

1. Calculating the caloric intake of a proposed lunch.

Step 1: Determine a food item that you would like to eat and the number of servings.
Step 2: Use the Junk Food Ca lone chart to determine the number of calories per

serving.
Step 3: Multiply the numer of servings times calories per serving. This equals

the total calorie intake (MI).
Step 4: Repeat Steps 1-3 for oihff items on your menu, and accumulate the total

calories for the proposed lunch.

2. Determining the amount and type of exercise needed to burn the calories of the
proposed hinch.

Use the Victor Katch formula (details are given below; a Ca lone Conversion Factors table is given
later in this document) to help you detennnie the best activity to burn up the calories from your
proposed lunch.

Step 1: Write down your body weight.
Step 2: Select an activity from those listed in the Calorie Conversions Factors table.
Step 3: Multiply your body weight by calorie conversion factor (refer to Calorie

Conversion Factor table). This equals the calories burned per minute (CBM)
by the activity.

Step 4: Multiply CBM by the length of the workout. This equals the total calories
burned (TCB).

Step 5: Subtract TCB from total calories intake (TCI). If the result (the energy
balance) is close to zero, essentially all calories are used up and them will be
no weight gain or loss.

Note that this is a very simple-mi ided and inadequate model of weight gain and weight loss. It does
not take into consideration non-c'..toric fluids. A key idea in developing models is to include all of
the relevant factors. The mc ' :ling of even rather simple-looking situations can be quite difficult.
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-
Complete the chart given below. It provides a guide to solving the proposed lunch problem if lunch
is to consist of one or more aervings of a single food item. You can easily modify it to fit the .

situation of a proposed lunch consisting of several different food items.

Type of Food:

Number of Servings:

Calories per serving:

Total Calories:

Your weight (lbs):

Activity:

Calorie conversion
factor (from table):

Calories burned
per minute:

Length of
workout:

Total calories
burned:

Calorie Intake:

Calories Burned: (Minus)

Energy Balance: ( Equals)

After you have solved one energy balance problem, make up several additional problems by asking
"What if?" questions. For example, in the oviginal problem, what if the person weighed 160
pounds? Use the space below and additiona! sheets to ask several questions, and answer them as
time permits.
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Junk Food Calorl'e (Mart

Junk Food Serving Size Calories

Chocolate 1.2 oz 224.4

Fudge 1.0 oz 113

Michelob 1 bottle 165

Big Mac 1 563

Whopper with cheese 1 740

Chocolate Ice Cream 1 :coz..) 165

Vanilla Ice Cream 1 scoop 147

Note: The serving size is not used in the activity. It is provided as background information.

Reference Kraus, B. (198?). Calories and Carbohydrates. New York: New American Library.

Calorie Conversion Factors

Activiky Calorie Conversion Factor

Aembic dancing .376

Circuit weigh training .085

Cling (leisure) .054

Gardening .044

Golfing .038

Joggirl .062

Rowing (machine) .046

Skiing (cross-country) .065

Swimming (leisure) '38

Tennis .030

Walking (leisure) .037

Walking (up tills) .055
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Activity 2
Using a Spreadsheet to Answer "What if?" Questions

Activity 2 uses the Energy Balance spreadsheet (on your Microsof Works data disk) to help
you solve the types of problems discussed in Activity 1. All you have to d. is to enter data into the
correct cells in die spreadsheet in a systematic trial and error fashion. The v.-eadsheet program will
do the computations for you, but you will need to do the thinking to make th :. trial and error
procedure work.

A gccd way to begin is to browse the spreadsheet. Doing so will help you understand the
functioning of the spreadsheet and Low it was created. Here are some questions that you can
answer to help you understand this spreadsheet. After you answer them, make up and answer some
additional questions about the design of the spreadsheet.

Notice that one part of the spreadsheet contains the Junk Food menu. What cells contain the
names oi the items on this menu?

What cells contain the number of Calories per Serving for the food items on the menu?

Why do you suppose that the Servings cells all ^ontain the number 0?

dighlight one of the Calories Consumed cells that corresponds to a food item. What is the
formula that the spreadsheet is using to compute the value in this cell?

Notice that one part of the spreadsheet contains the list of Activities that can be used to burn
calories. Which cells are these?

What cells contain the Calorie Conversion Factors that correspond to the various activities
that burn calories?

Why du you suppose that the Hours cells that correspond to the activities all contain the number
0?

Highlight one of the Calories Burned cells that conesponds to a particular activity. What is the
formula that the spreadsheet is using to compute the value in this cell?

In using the spreadsheet to solve a problem, into which cell will you enter the person's weight?

Make up one or two additional questions about the design of the spreadsheet. Give the questions
and the answers in the space below.
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Now you are ready to use the spreadshdet to solve some energy balance problems. The
spreadsheet is designed to do the calculations as you ask "What if?" questions. It is not designed to
actually solve an energy balance problem. For example, suppose you want to know how many
hours of aerobic dance a 140 pound person would need to perform in order to consume the calories
in a Whopper with cheese and two scoops of vanilla ice cream. You might proceed as follows:

1. Enter the number 140 into cell B28. This represents the person's weight.

2. Enter the number 1 in cell B6 (this represents 1 Whopper with cheese) and the number 2 into
cell B8 (this represents 2 scoops of vanilla ice cream).

Notice that the contents of cells D6, D8, and D10 change as yo't enter this data. Cell D6 now
contains the calories in 1 Whopper with cheese; cell D8 now contains the calories in 2 scoops of
vanilla ice cream; cell D10 contains the sum of the calories in the 1 Whopper with cheese and the 2
scoops of vanilla ice cream.

3. Now make a first guess as to the number of hours of aerobic dance that. would be needed to
burn this many calories. As a first guess, try 1.5 hours. Enter the number 1.5 in cell C14.

Notice that the calories burned by this amount of aerobic dance are displayed in cell D14; the totai
calories burned (which is the same number, since only one exercise is being done) appears in cell
D27; the Energy Balance is displayed in cell B30.

A If the Energy Balance is a positive number, enter a Lumber larger than 1.5 hours into cell C14.
If the Energy Balance is a negative number, ent.z a namber smaller than 1.5 hours into cell
C14. Continue to make trials until you achieve an Energy Balance that is fairly cAose to 0. Enter
your guesses and the resulting Energy Balance in the space below.

5. Next, change the person's weight to 190 pounds by changing the contents of cell B27 to 190.
Describe the resulting Energy Balance. (Remember, the amount of food and the hours of
aerobic dance have not been changed.)

6. Make several additional changes to the person's weight, and observe the resulting Energy
Balance. Enter the results in the space below. Write a conjecture about how the Energy Balance
relates to the person's weight for the particular menu of foods consumed and hours of aerobic
dance performed.
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Now you are ready to formulate your own.problems and use the spreadsheet '1) solve them. One
key point to remember is that the spreadsheet "remembers" data that you have entered (until you
Close it or Quit, at which time you can either save the most recent version you created, or delete
it). Thus, as you start a new problem, you will either want to enter zeros to replace the data you
entered for the previous problem, or you will want to reload the spreadsheet from the original that is
stored on disk.

Problem

Use the space below as a worksheet in solving the problem that you have stated.
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Activity 3
Creating a Spreadsheet to Answer "What if?" Questions

This handout leads you through the steps needed to create the Energy Balance spreadsheet used
in Activity 2. As you can see, there are a large number of steps involved. Creating a spreadsheet
has many of the characterisdcs of writing a computer program. Many of the same types of
difficulties, such as syntax errors and errors in the logical design, can occur. Thus, it is common to
produce a spreadsheet that contains errors and must be debugged.

The processes of testing and debugging a spreadsheet are similar to those used in testing and
debugging a computer program. Indeed, there is a reasonable amount of transfer of learning from
one task to the other. In the set of directions given below, occasionally you are directed to test out
small parts of the spreadsheet that you are entering.

1. Inserting your disks.

Insert the Microsoft Works Program disk in the internal drive.

Insert the Microsoft Works Data disk in the external drive.

2. Selecting the external drive and creating a new file.

Click Drive.

Open the "Microsoft Wo..." desk by clicking twice on the icon.

Create a new file by clicking on the spreadsheet icon at the top of the screen.

Click in the New box.

3. Entering data.

Select cell Al (point to cell Al and click the mouse).

Type the label Junk Food.

Select Bold from Format Menu.

Press Return. Pressing Return stores the data, in this example a label, and moves
the selection one cell down.

Type in the Junk Food names from the Junk Food Calorie Chart: Chocolate,
Fudge, Michelob, Big Mac, etc. pressing Return after each. What you are
accomplishing here is placing the menu into cells A2, A3, ... A8.

To widen Column A

Move the cursor over the dividinsr line between Column A and Column B. The
cursor becomes a riouble arrow pointing left and right.

Hold the mouse button down, and drag the pointer to the right. When the dividing
line is where you want it (column A is large enough), release the mouse button.

ok-, u
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4. To enter the next column label:

Select cell B1.

Type the label Servings.

Select Bold from th,: Format Menu.

Press Return.

5. To enter the numeric values of servings without units:

Type in the number 0.

Press Return.

The number 0 should appear in cell B2. To copy 0 (number of servings) into cells B3 - B8:

Select cell B2 and hold the mouse button down.

Drag the mouse down to cell B8. Cells B2 - B8 should now be highlighted.
Release the mouse button.

Select Fill Down from the Edit menu. The number 0 should appear in
cells B2 - B8.

Select Align Center from the Format Menu. The values should be centered in
cells B2 -B8.

6. To enter the next column label:

Select cell Cl.

Type in the label Calories.

Select Bold from Format Menu.

Press Return.

7. Enter the numeric values of calories without units.

Type in 224.4 from Junk Food Calories Chart.

Press Return.

Continue by typing in the caloric values for the rest of the junk Foods listed. You want
these caloric values to be in cells C2 through C8, corresponding to the food items in cells
A2 through A8.

8. Enter the next column label, Calories Consumed.

Select cell Dl.

Type in the label Calories Consumed.
9 7
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Select Bold from the Format Menu.

Widen the column.

Press Return.

You will instruct the spreadsheet to calculate the values in column D (Calories Consumed).
The calculation is based on the number of servings, in Column B, and the calories, Column
C. The formula can be expressed as:

Calories = Servings X Calories/Serving

To enter the formula:

Select cell 1)2.

Type an equal sign (=), followed by the formula:

B2*C2

Note: The * means to multiply.

Click on the enter box, the box with the chsck mark, next to the entry bar.

To view the formula and place copies into cells D3 - D8:

Select Show Formulas from the Options Menu.

Select cell D2 and hold mouse button down.

Drag the mouse down to cell D8. Cells D2 - 178 should be highlighted. Release the
mouse button.

Select Fill Down from the Edit menu.

Examine the formulas. Notice that the formulas are different in each cell.

Each formula refers to two cells. The cell reference in D2 is B2 and C2. In this case the cell
references are relative. The spreadsheet uses the current value of the appropriate cells and
calculates the results. Change the value of the cell reference and the spreadsheet will
automatically recalculate the results in column D.

To view the formula in action:

Select Show Values from Options menu.

Select B3 and enter

Watch D3 as you click on the enter box.

Select B3 and enter 2.

Click on the enter box and observe D3.
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Select B3 and enter 0.

Click on the enter box.

Describe your observations in the space below.

9. To complete the total calories part of the spreadsheet:

Select cell C10, type in the label Totz: Calories, bold it, and press the Tab key.
Cell D10 should be highlighted. (Use of the Tab key moves the cell selection to
the right one cell at a time, while the Return key moves the cell selection down one
cell at a time.)

Type in the formula, =Sum(D2:D8) and press Return. The cormula is
spreadsheet notation for computing the sum of the contents of the cells D2, D3,
D4,..., D8.

Enter some values for serings (column B) and watch the Total calories change.

Return the servings to 0 for each type of Junk Food.

1O.To add the calorie burning chart and computational procedures to the spreadsheet:

Select cell A13.

Type the label Activity. .
Bold the label. Select Bold from the Format Menu.

Press Return.

Type in the remaining Activity names from the Caloric Conversion Factor chart.

Circuit weight training...Walking (up hills)

pressing Return after each entry. Widen the column if the labels do not fit.

Select cell B13 and enter the label Calorie Conversion Factor.

Enter the conversion factors for the different activities from the Calorie Conversion
Factors chart.

Select cell C13, enter the label Hrs Exercised.

Enter a 0 value for all cells in this column as you did in the previous activity for
servings.

Select cell A28 2nd enter the label Body Weight, bold, and press Tab.

Cell B28 should be highlighted. Enter your current weighz, or any number you
would like to represent your weight.

Select cell D13 and enter the label Calories Burned. Calories Burned is calculated
by the spreadsheet.

: 93
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The calculation is based on the hours of exercise, caloric conversion factor, and a time
conversion. The formula can be expressed as:

Cal. Burled =(Cal Conversion Factor)(lirs Exercised)(60)(Body Wgt)

To enter the formula:

Select cell D14

Type an equal sign (.), followed by the formula:

B14*60*C14*$B$28

Note: The * means to multiply.

Click on the enter box.

The previous formula uses an Absolute Cell reference. An absolute cell reference causes the
spreadsheet to use the specific value in cell B28 for every row. If you copy this formula to a
new location it will adjust the relative reference to reflect the new row, but the absolute
reference will remain the same.

Use Fill Down., to copy the formula into cells D14 - D25.

Look at the formulas. Note B14 and C14 change with each row but $B$28 stays the
same.

Select cell C27 and enter label Total Calories Burned, bold, and press Return.

Select cell D27, enter the formrila, =Sum(D14:D25), and click on the enter box.

Select celi A30 and enter the label, Energy Balance, bold, and press Tab.
Calculation of the Energy Balance requires subtracting the total of Junk Food
Calories from the total calories used during physical activity:

Formula:

Energy Balance = Total Calories - Total Calories Burned

Translate the preceding formula into the form required by the spreadsheet.

Select the cell location (B30) of the formula.

Formulas must start with an equal sign (=)

Type in the the cell location, where the formula Total Calories is located. Subtract
from this the Total Calories Burned.

To entei the formula click on the enter box.

Select Save from the Edit menu. Release the mouse button. You will be given an
opportunity to type in a file name for the spreadsheet you have cnated. Do so, and
save your file to your data disk.

11. You have now completed the spreadsheet used in r. .:tivity 2. Test it out with some of the
problems you solved in Activity 2.

u J
Cl3 Notebook 4.5.4 Handouts Page 1 2

4)



Game of the Week

Part 1
Beginning in Session 3 and continuing through Sessions 4 and 5, the Game of the Week

relates to designing an experiment to determine if there is a relationship between the weather and a
person's mood. This requires the development of measurable defmitions of both "weather" and
"rnood." The goal is to develop definitions that students can follow with reasonahle consistency.
Once the defmitions and appropriate data collection forms have been developed, you will use them
with some of your students for several weeks. You will be expected to turn in summary statistics
and a brief written report on this project at the last inservice session.

Your assignment this week is to do a fmal redesign of your definitions and your one page
form (8 112 by 11) to record daily observations of a person's mood and the weather. Take into
consideration the maksials developed by other inservice participants, but stick to your guns. If
you feel your ideas are good, don't throw them away.

Begin by carefully writing down one or more conjectures (hypotheses, predictions). Then
collect data using your definitions and dra collection forms. Do this fot a "reasonable" number
of students, such as a whole class. The assignment is to collect a substantial amount of data
during the next three weeks and to prepare a fmal report to turn in at the last inservice session.
Your final report will include summary statistics and a brief written report. Did the data support
your hypotheses? What relatior ships, if any, do your data suggest? Most likely you will want
to make appropriate use of a database or spreadsheet in doing this work.

Part 2
Scientists frequently make use of the types of computations that can be done on a spreadsheet.

Scan through several textbooks used in science courses that you teach. Find at least a half dozen
examples of charts or tables that would fit a spreadsheet format. The distinguishing characteristics
to look for are tables in which one or more of the columns (or rows) are computed using simple
formulas applied to data in other columns (or rows). Turn in a brief description of each of the
examples. Your description should include a clear specification of the problem being addressed and
the In.: _f mathematical knowledge needed to deal with the mathematical models in th.t example.

- U 1
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4.6
Session 6: Doing 3 Science Lab Using

Integrated Software

4.6.1 Narrative Overview

An integrated software package such as Microsoft Works contains a number of software
applications. The actual applications and the ways they interact with each other vary with the design
of the integrate: package. Also, a particular integrated coftware package will be modified over time,
as the designer seeks to improve the program and to more effectively compete with other integrated
packages.

For example, the word processor ir. an integrated software package must in some sense compete
with stand alone word processors. But stand alone word processors are getting better and better.
They are gradually incorporating nun! of the features that were initially available only in desktop
publication software. Thus, one can emect that the word processor in an integrated software
package will undergo major changes o7er a period of years.

An integrated package is designed to be relatively easy to learn how to use and relatively easy to
use. However, as more and more features are added, the package tends to become more and more
complex. The typical integrated package is accoiripanied by a quite thick instruction manual. It can
easily take a three- or four-credit college course to cover the major features of an integrated package.

An alternative is to initially learn to do just a few simple things using the integrated package, and
then begin to use these features. As one encounters problems that require use of more advanced
features, study the manual and/or get some help in learning them. This "learn by doing" approach
works well for most people, since they are highly motivated to learn features that they need to use.

We know, of course, that learning by doing, and having the opportunity to make immediate use
of what one is learning, is a good model for much of education. Unfortunately, srhools often find
themselves in the situation of needing to teach students something that they wili not be using for
many years. Teachers have learned to adjust to this situation. Indeed, some have become so
acclimated to this situation that they have trouble adjusting to a teaching environment in which
immediate application can occur.

Computer application software can be used to create environments in which students can make
immediate use of the computer applications they are leaming. They do not need to master all
features of the software before beginning to apply the software. A case in point is use of an
integrated software package in a science lab. A key r art of doing a science lab is doing the lab
report. A lab report often contains a combination of written remarks (think about using a word
processor), data (think about using a database), computations (think about using a spreadsheet),
and graphics (think about using graphics software). The student who lhis knowledge of even one of
these types of software can use it in doing parts of a lab report. As the student learns mere features
of a particular software application and more software applications, the student can gradually do
more and more of the lab rerort on a computer.

Initially, of course, it will be easier for a student to do a science lab report by hand than to make
use of a computer. But gradually, skill in using the computer will increase so this is no longer the
case. Also, most students will take great pride in the quality of the fmal product that they produce
using a computer.

Session 6 of the NSF insefYice focuses on use of an integrated software package to do a science
lab report. This session can be viewed at two levels. At one level, the ideas from this session can be
used by the course instrucwr to prepare the lab assignment, the handouts that are given to students.
At a second level, the ideas can be taught to students so that students can use them in doing their
science lab reports.

As suggested above, a science lab assignment or rport generally consists of a combination of.
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1. Written material.
2. Data, some known in advance, some collected during the experiment.
3. Computations based on the data and on underlying theory.
4. Graphics, which may include both diagrams and mathematical graphs.

One approach to doing a lab report is to have a lab manual with detailed printed instructions and
spaces for wriring in results. While this can be quite satisfactory for simple labs, ;t does not fit well
with more complex labs. Nor does it fit students' varying handwriting characteristics (some can
write quite small, others require more space) or thinking skills (some think only short thoughts,
others think very long thoughts). Moreover, the preprinted lab manual approach to writing up
science labs suggests that any lab experiment is rather cut and dried, that all students will do exactly
the same thing, and that all students will achieve the same results.

The use of an integrated software package in doing lab reports can help change this. The cut and
paste features of such software allow substanti^1 flexibility in writing up a report. Moreover, as the
student progresses in writing a lab report, it is easy L.; the student to go back and add additional
descriptions, graphs, and so forth.

Indeed, in certain circumstances it is desirable that a lab be repeated, or that a student go back
and gather more data. In other circumstances it is desirable to combine data and ideas from several
labs. An integrated computer software package can be of considerable help in doing the lab report in
these cases.

A compromise ht-Aween having a preprinted lab manual and having a completely free form
approach is to provide students with a computer template for their lab reports. The template is, in
essence, a lab report maaual on a computer. The student follows the template, but has the flexibility
of using the amount of s?ace that is actually needed ;.s well as the flexibility of adding more material
and making changes to previously written materials az thtl writing proceee .

The template idea is also quite useful to teachers v.ho are preparing their lab assignments on a
computer. The idea is to develop a general format that fits the nature of the cowse, the assignments,
the students, the instructor, etc. This template then serves as the starting point for creating each tab
assignment.

The Microsoft Works integrated software package was designed for use in a business
environment, rather than in science education. Thus, the package lacks a number of features that are
useful in science and in science education. For example, the graphics facilLies are quite limited, and
there are no equation solving facilities. The package does not provide features for the online
gathering of data from science experiments, nor the controlling of such experiments.

There are a number of software applications that have been designed to meet specific needs of
scientists and science educators. The idea of "probeware" is now common in science education. A
probeware package contains hardware and software designed for the online gathering of data, and
may also be able to control certain aspects of an experiment, fo: example by turning a heater on and
off.

The study of probeware is a common component of computer-integrated instruction inservices
desiped for science teachers. In the two pilot trials of the materials in this book, we included
probeware one time, and excluded it the other time. There is no doubt that probeware is a useful and
exciting topic for science education. Our main reasons for excluding it were that there art many
printed materials that describe its use (lots of inservices have been done in thi; area) and that welacked time to adequately cover the other topics we had chosen to include.

If you decide that probeware is to be emphasized in your inservice, you will likely want to
obtain probeware that interfaces well with the computer that is being tised for the rest of the
inservice sessions. Tt would be appropriate to devote part of Session 6 and/or much of Session 7 to
use of probeware. This ties in well with using the computer system to analyze the experimental data
obtained through use of the probeware, and thea iltegraring the results into the lab report. If you
decide to exclude Tecific instruction in the use of probeware, then it would be appropriate to devote
part of Session 6 to a discussion of probeware and some of its potential impact on science
education.
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4.6.2 Script

Theme

Objectives

Materials:

Resources

Setup

Introduction

Activity I
45 minutes

Using an integrated software package to do a science lab report.

1. To introduce participants to the use of an integrated software package for
use in doing a science laboratory report. The emphasis is on secondary
school students learning to make this type of use of computers.

2. To intmduce participants to the use of an integrated software package for
creating a lab manual and/or writing up lab assignments to be handed out to
students. Here the emphasis is on the use of an integrated software package
as an aid to teacher productivity.

3. To briefly discuss probeware.

Software Hardware
Microsoft Works Program disk Macintosh computers
Microsoft Works Data disk with printers

Handouts
Activity 1: Integrating the ijord Processor and Database
Activity 2: Integrating the Word.Processor and Spreadsheet
Game of the Week

overhead projector refreshments
overhead markers

Macintosh computers and Microsoft Works software should be set up before
participants arrive. An appropriate number of the handouts should be placed at
each computer work station, along with the needed data disk.

One model of instruction is to first teach a person a treat deal about a particular
topic, and then (perhaps a long time later) give them the opportunity to use the
knowledge and skills they have (supposedly) gained (and supposedly still
remember). A second approach is, to the extent f?.asible, fully integrate
instrucdon and application. The NSF inservice series emphasizes the latter
approach. It incorporates a relatively modest introduction to certain features of a
software package with substantial hands-on use of the features that have been
covered. Participants are then strongly encouraged to immediately begin using
their new knowledge and skills in their teaching.

The science lab report is an excellent environment to combine learnitg about a
variety of computer applications, and immediately applying this knowledge to
accomplish an important task. This "immediate application to accomplish a
worthwhile task" is a key underlying theme in the entire NSF inservice Neries.

As participants arrive, get them into pairs on the computers and have them
work on Activity 1 and Activity 2.
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Debrief Focus on how giving students good access to an integrated software package
15 minutes might change the nature of the science lab experience. What might be better, and

what might be worse? How much science class time might be used up in having
students learn to use the integrated software package? Once students gain some
computer skill, will they save some time in doing their lab reports? Will having
computers available make it easier for students to cheat for example, by
fudging data or copying from other students?

B reak Relax, socialize, enjoy.
10 minutes

Additional The role of the lab and the lab report is central to science education. To a great
Debriefing extent, however, many science teachers do not take appropriate advantage ofand possibilities to give students the chance to actually "do" science. The science lab
Discussion becomes a cut and dried activity involving little thinking, discovery, hypothesis
40 minutes generation, or hypothesis testing. Science education leaders haveknown for a

long time that science education could be substantially improved by placing a
much greater emphasis on "doing and discovering" rather than on memorizing
what others have done.

The introduction of computers intc the science laboratory environment, and in
writing up science lab reports, may not cause a significant change in student or
teacher behavior. The goal in this added discussion time is to identify some of
the desirable student and teacher behaviors, and to see that computers can
contribute to increased appropriate behavior.

One approach is to divide participants into discussion groups of three to four
people. Each group is t- 'T.ntify desirable student and teacher behaviors related
to the science lab and ine science lab report. Then they are to discuss possible
impacts of computers on these behaviors. After about 20 minutes, each group is
to report its key fmdings and reccmmendations. The inservice facilltator can
make a list of these findings and recommendations on an overhead.

In conducting this discussion, place the nr-,* emphasis on ways to improve
science education through changes in the .- 'kg- conduct, and write up of
science labs. The emphasis is not on the cc ..er, nor on using a computer to
actually conduct lab experiments. However, the idea of probeware should be
mentioned at the beginning of the discussion, and it is appropriate for
participants to include it in their discussions. Most likely some of the inservice
partipants will have had experience in using probeware, and you will want to
take advantage of this source of knowledge.

Closure Allow some time to discuss the continuing Weather and Moods Game of the10 minutes Week. Are inservice participants gathering data, and are they beginning to detect
patterns in the data they have gathered? Do they have ideas on how to analyze
the data, and would they like to share some of their ideas? Also allow time for
questions about the term projects. One of today's handouts suggests the desired
format for the final project report. Keep the computer lab open for an hour, so
that participants can work on activities of their choice. Sooe may want to work
on Activity 3 from last week, which involves creating a spreadsheet. Others
may want to work on their term projects.

1 !- 0
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4.6.3 Timeline

Before participants arrive have the Microsoft Works Program disk and the data disk at each
computer. Machines will be turned off. Group participants into pairs and direct them to the
computer work stations as they arrive.

0:00 - 0:45
45 min

0:45 - 1:00
15 min

Participants will complete Activity 1 (Integrating the Word Processor and
Database) and Activity 2 (Integrating the Word Processor and Spreadsheet).
The emphasis is on using these features of an integrated package to do a
science lab report. Encourage participants to talk to each other about problems
their students encounter in doing science lab reports.

Debrief Activity 1 and Activity 2. Place the initial emphasis on questions that
participants had in doing the activities. But then switch the emphasis to the
science lab report itself, and its role in science education. Lay ground work for
the longer discussion that occurs after the brelc. Try to focus the discussion
on the following:

Incmasing the effectiveness of science educadon.
Are integrated approaches useful for science students in general?
Do the goals of integrated use change with student age/competency level?
Does usefulness vary with content area?
How can teachers facilitate this type of use?
How much computer facility is nee/Jed to make these ideas practical?

1:00 - 1:10 Break
10 min

L.. 1:35
25 min

Break participants into discussion groups of three to four people. Each group
is to develop a list of desirable student and teacher behaviors in the context of
conducting and writing up science labs. Begin the discussion by mentioning
the idea of probeware, and that you have decided to not place much emphasis
on probeware in this particular inservice series. Find out if some of the
parficipants have had significant experience in using probeware. If some have,
get them to briefly share some of this experience.

The discussion gmups am to come up with a list of recommendations on how
to improve science education through changes in the design and conduct of
science labs. They need not restrict their attention to possible impacts of
ccmputers. However, they should avoid placing undue emphasis on using
computers to actually collect data and/or to monitor experiments. Probeware is
important in science and in science education, but the underlying ideas we are
emphasizing here are much more fundamental in science education.

1:35 - 1:55 Do a whole gmup debrief on the above discussion activity. Make use of an
20 min overhead to collect good ideas and recommendations. Focus some of the

attendon on how computers might help move teachers and students in the
directions that would improve science education.

1:55 - 2:00 Closure. Make sure that the multi-week game on moods and weather is
5 min progressing smoothly. Note that this week's Game handout contains a new

Game that is to be done during the coming week. Allow time for questions
about the term projects.
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4.6.4 Handouts

0 These handouts are needed during Session 6. The facilitator may want to make some of these
into overhead projector foils for use during the inservice.

e

Index to Hantiwats

Activity I: Integrating the Word Processor
and Database

Activity 2: Integrating the Wont Processor
and Spreadsheet

Game of the Week

Page

2

5

8
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Activity 1
Integratino the Word Processor and Database

1. Insert the disks.

Microsoft Works Program disk innal drive,

Microsoft Works Data disk external drive.

2. Selecting the Kinematics desktop.

Click on the Drive box (right side of the screen).

Select Kinematics by clicidng on it once. A box will appear around the icon and title.

Click Open on the right side of the screen.

Three windows will appear un the screen: Kinematics Pre lab (WP), Kinematics data
(DB), and Kinematics calculations (SS).

3. Activating a window.

Click on the title bar of the Kinematics Pre lab (WP).

Select Full Window from the Window menu. The screen should be entirely filled by
the Kinematics Pre lab (WP).

4. Read sections I - III of the Kinematics Pre lab ('NP).

In your own words state the purpose of the laboratory.

Identify the four equations we will use.

Distance:

Time:

Speed:

Acceleration:

CI3 Notebook 4.6.4 Handouts Page 2
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What do you think each of the following variables stand for?

d t -

s - a -

Predict (make a list of) the variables we will mcasure in the laboratory.

What vadablzs do you think we will calculate?

5. Read Section IV Equipment/apparatus.

The cart moves across the table as the weight falls. The string is attached to the cart via the
pulley. As the -veight moves it palls the paper tape through the timer. The timer marks the tape
with dots at pre:set time intervals.

6. Completing the Prelab ReporZ.

Read the Anticipation section of the Kinematics Prelab (WP).

From the keyboard type in your andcipation or hypothesis.

Read the procedure.

Suppose you or your students had complemd dus lab. You would be facing several hours of
cP'culadons and graphing. As you complete the acdvity think about how this affects students'
atdtudes towards laboratory work.

7. Copying data from the database to a word processing file.

The data from the paper tape has already been entered into the database.

To view the database:

Select the Kinematics data (DB) from ihe Window menu.

Open the window by selecting Full Window from the Window menu. Notice this is
a siinple database with only two fields, but with 23 records.

Click on 0.00 under time. Holding the mouse button down, drag the cursor until all of
the data in both columns is selected (i.e., highlighted).

Select Copy (Caution: Avoid the Cut command) from the Edit menu. This makes a
copy of the data. It is then available to Paste ilit.C* another application in the integrated
package.

To past the data into the Kinematics Prelab (WP) file:

Select Kinematics Prelab (WP) from the Window menu.
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Find Copy the database here in the file (Section V Calculations).

Click the cursor beneath Copy the database here and select Paste from the
Edit menu. You have just pasted the data from the database into the word processing
document.

Look at the data. Can you support or reject your hypothesis or anticipation? What can you say
about the data?

A lot of information is hidden in this data. We can use the spreadsheet to calculate and draw
graphs to highlight the results. Activity 2 illustrates this aspect of doing the lab report.

8. Saving changes to a file.

Select Save As from the File menu.

Type in the name Kinematics Lab Report.

Click Save.
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Activity 2

integrating the Word Processor and Spreadsheet

1. Integrating the spreadsheet with database information.

Examine the spreadsheet calculations done with data from the database:

Select Kinematics calculations (SS) from the Window menu.

Select Full Window from the Window menu. The Screen should be entirely filled by
Kinematics calculations (SS).

To view the formulas, select Show Formulas from the Options menu.

2. Copying data from the spreadsheet to a word processing file.

To paste the data into the report, first make a copy of it (just as we did in Activity 1).

Select cell Bll and drag to cell F37 so that this section of the spreadsheet is
highlighted.

Select Copy from the Edit menu. Now we have a copy of the calculations for the
report.

Select Kinematics Lab Report (WP) from the Window menu.

Find Copy the spreadsheet here in the document.

Click the cursor beneath Copy the spreadsheet here and select Paste from the
Edit menu.

You have just pasted the calculations from the spreadsheet into the word proce.,sing document.

Look at the data. Does the data support or reject your hypothesis What can you say about the
data?

The lab report is nearly finished. You have copied and pasted several items: the data collected in
the database and the calculations done in the spreadsheet. Graphs will be constructed using the
laboratory data to help us understand the relationships among distance, speed and acceleration.
While completing the activity think about how time consuming construction of graphs is for
students.

3. Constructing graphs.

Select Kinematics calculations (SS) from the Window menu.

Select Select Definition from the Chart menu. A dialog box will appear.
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Select Distance vs. time and click on OK.

Review the entries and then click Plot It!

4. Copying data fiom the spreadsheet to word processing file.

To copy the graph:

Select Copy from the Edit menu. You have just made a copy of the graph.

To paste the graph into the laboratory report:

Select Kinematics Lab Report from the Window menu.

Locate Copy the Distance vs. time graph here, click the cursor beneath it and select
Paste from the Edit menu.

You can move the graph a little to position it better on the page. Put the cursor anywhere in the
graph and an icon of a hand will appear. While holding the mouse button down, move the hand
icon and notice how the graph moves. Click outside of the highlighted box to de-select the graph
(it will change from black to white when it has been de-selected).

5. Move the graph into view using the scroll bar on the right. A nice curve is plotted. What can youtell from this curve? (Remember that we are interested in how the distance the cart moves
changes over time.)

6. Viewing the second graph.

Select Kinematics calculation (SS) from the Window menu.

Select Select Definition from the Chart menu. A dialogue box will appear.

Select Speed vs. time, and click on OK.

Review the entries, and then click Plot It!

7. Copying data from the spreadsheet to word processing file.

To paste this graph into the lab report:

Select Copy from the Edit menu.

Select Kinematics Lab Report from the Window menu. Locate Copy the speed
vs. time graph here, click the cursor beneath it and select Paste from the Edit
menu.

You can move the graph a little, as you did in 4. above. Put the ;Amor anywhere in the graph anda hand will appear. While holding thc. mouse button down, move the mouse to move the graph.
Click outside of the highlighted box to de-select the graph (it will change from black to whitewhen it has been de-selected).
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The Acceleration vs. time graph has already been copied and pasted into the repov... Locate it
in the Kinematics Lab Report.

8. Finishing the laboratory reporc.

Use the gaphs and the data in the database to complete the report.

Type in your answers to the questions in part VI.

Write your conclusions in part VII.

CI3 Notebook 4.6.4 Handouts Page 7
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Game of the Week

Select two quite different science labs that you have used with your students. (They can be from
the same class, but it might be better if they were from two different classes.)

1. B-:tfly descrThe each lab. (Include a photocopy of each lab if you like, but also include a brief
written summary.) The written description should include the nature of the class, what you
hoped to accomplish by using the lab, and actual outcomes.

2. For each lab, briefly describe how much of the student effort seemed to fall into each of the
following categories:

A. Gaining an initial understanding of what is to be done before moving to the lab Lacility.

B. Moving to the lab facility, settinigup apparatus, etc.

C. Conducting the experiment and recording data.

D. Moving back to a eassroom environment, including tearing down the apparatus if this is
appropriate.

E. Writing the lab report.

F. Other (please specify; for exam( , doing library research on the lab topic).

Briefly compare and contrast the two labs and the time that students spent on various aspects of
the labs. Then discuss how these labs might be affected by students having access to an integrated
software package to use in doing the lab report.
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4.6.5 Student Materials

This Materials sections of the Notebook contaias sample lesson plans and other materials
designed for inservice participants to use with their students. This particular section contains two
very useful sources of information.

Index to Materials Page

Help for Computer-Using Chemistty Teachers 2

More News for Biology Teachers 4
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Project SERAPHIM:
Computer Resources for Chemistry Teachers

Project SERAPHIM provides chemistry teachers with software and training to get the most out
of classsroom microcomputers. This National Science Foundation-funded program was founded in1982 at Eastern Michigan University. It is now based at the University of Wiswnsin.

There are three programs within Project SERAPHIM: software, teacher training, and researchand development. SERAPHIM offers nearly 700 rograms on disk, covering a wide range of
chemistry topics. Supported hardware includes Apple II, IBM PC, Macintosh, Commodoie
PET/C-64/C-128, and Radio Shack Models I and II. Most Macintosh disks cost $10.00, while
most disks in other formats cost $5.00. Program documentation materials are available for
$2.00-$10.00. A 100-page catalog and smaller supplement are free.

Project SERAPHIM education acLivities include workshops, training sessions, and symposia.Subjects include such activities as building electronic probes for interfacing with computers, andadapting integrated software packages to the science classroom. Workshops are led by high schr 1science teachers from around the cotritry. Project SERAPHIM participants can communicate withone another on the CHYMNET telecommunications network.
Research and nevelopment efforts encourage teachers and programmers to create innovativesoftware for chemistry education. Annual and summer fellowships allow educators to pursue thiswork at the Project SERAPHIM headquarters.
A quarterly newsletter provides currertt information on project activities. Contact Project

SERAPHIM, Department of Chemistry, University of Wisconisn, 1101 University Avenue,Madison, WI 53706, 608/263-2837.
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More News for Biology Teachers

The Biological Sciences Cuniculum Study (BSCS) is working to prepare science teachers to
implement educadonal technologies effectively. With support from the Nadonal Science
Foundation, BSCS has developed a curriculum, ENLIST Micros, for training teachers to use
microcomputers to enhance learning and teaching in science and is developing aAid testing strategie,
to facilitate the implementadon of educ ttional computing in precollege science education.

BSCS staff will disseminate informadon about ENUST Micros at short courses at the national
and regional conventions of the National Science Teachers Association (NSTA) and at the national
convention of the National Association of Biology Teachers (NABT). The all-day short courses are
designed for educators of preservice and inservice science teachers, including faculty at colleges and
universities and state and local science supervisors. Registration infonnadon is available from
NFTA and NABT.

During the short courses, project staff will share what they have learned from five years of
developing and evaluating strategies for implementing educadonal technologies fo implementing
educational technologies in science classroom Science educators compledng the course will be
provided materials and procedures for establishing implementation networks in their regions.

For mom information about ENLIST Micros, contact: BSCS, 830 North Tejon Street, f.uite
405, Colorado Springs, CO 80903.

..

1 7

CI3 Notebook 4.6.5 Materials Page 3



4.7
Session 7: Investigation of Some

Commercially Available Science Education
Software

7.1 Narrative Overview

The number of computers available for use in schools is gradually growing. Common estimates
for the academic 1988-89 school year suggest that there was about one microcomruter or computer
terminal for every 20 students during tha. year. The typical high school now has one or more
computer labs. Many schools (inric..-A, some states) now require all students to obtain an
introductory level of computer :iteracy. There, most often, students learn to use a word processor
and get an opportunity to experience use of a variety of other applications software.

Progress in integrating the r udne use of computers into science education has been spotty. As
indicated early in this book, the overall field of instnictional use of computers can be into
three main components. These arc teaching and learning about, using, and integrating computers. A
few key ideas related to each of these types of uses in science education are given below.

1. Teaching and learning about computers: At the college and university level the typical science
faculty member knows how to write computer programs and has a reasoruible level of
understanding of the rudiments of computer science. For example, many faculty have an
understanding of interfacing computers with laboratory equipment. Quite a few are skir.cd1,,
designing such interfaces and using them in the online monitoring of expedments.

Most often the programming and computer scie.ice knowledge of college science faculty is
self taught, nr has been obtained through participation in workshops and short courses.
Younger faculty typically have had computer programming and computer science courses v. hile
they were in college, or even earlier in their schooling. Moreover, it is nt quite common to
expect that undergraduate sciee majors will team to progam, either on their own or thmugh
tak'ng several computer science courses. In the more applied science areas, such as engineering,
studeats are typic:41y required to gain a substantial level of skill in writing computer progams.

In a ty- _al college setting, science majors have reasonably good access to computers. Their
faculty expect that they will use the computers v hen appropriate. Relatively little science class
time is devoted to helping students learn more about computers. However, :t is common to gi,e
assignments that require computer programming skills and other computer science knov,ILIge
complete in a reasonable time frame.

A t the precollege level, only a modest percentage of science teachers know how to write
computer prograr. at a functional level. Computers are not readily available for use by stt. nts
in science classes, and relatively few students have compulz programming that would
help them in the classes. Thus, relatively few secondary school science c..urses Aequire or make
use of activities in which either the students or the teacher must write computer programs or
display a reasonable level of understanding of computer science.

2. Learning and teaching using computers; computer-assisted learning (C.4 TA: There is a
substantial amount of CAL materials specifically designed for use in science education. It range:.
from routine dr.. . and practice to a variety of tutorials to quite sophisticated simulations. Use of
such software is gradually growing, although the main emphasis remains at the drill and practKe
end of the scale.

The use of computer simulations as a replacement for science labs or as a supplement to
science labs has been discussed by science educators for many years. Those who suppon the
use of simulations argue that they are safe (we don't want kids playing around with a rziclear
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reactor) and inexpensive. Those who oppose such use argue that we have little evidence of
transfer of' learning from the simulation to the "real thing" and that students using the
simulations are not developing needed laboratory skills.

Where adequate computer hardware and software facilities are available, a middle of the road
approach tends to prevail. Students make use of computer simulations, and they continue to do
hands-on experiments in the science lab. A carefully crafted combination of these two
approaches seems likely to be better than over-emphasis on either extreme.

3. Learning and teaching integrating the computer as a tool into the curriculum (CII): This book,
and the specific 8-session inservice described herein, focuses primarily on Cll. The authors
st.ongly believe that all students in science courses should routinely use computer application
tools such as databases, presentation and mathematical graphics, spreadsheets, word
processors, and mathematical packages for equation solving, statistical analysis, etc. It is
evident that routine use of such tools would have a substantial impact on the content and
pedagogy of science education. It is hoped (but we lack good research evidence) that the
changes would lead to students gaining a better understanding of science and how to do science.

A rapidly growing number of students learn to use a few of the computer tools while they are
in middle school or junior high school. This is laying the groundwork for high school science
teachers who want to integrate tool use of computers into their courses. In many high schools
there are now quite a few students who make routine use of computers. This is a valuabkl
resource to high school science teachers who want to do Ca The students can learn from each
other (paired learning or cooperative learning can be quite successful) and relatively little of the
science education class time needs to be devoted to having students learn to use computers.

Session 7 of the NSF inservice is devoted to examining some of the al software that is
commercially available. Software to be examined may range over all three general categories of
instructional use of computers. However, you may want to focus attention on probeware,
simulations, and science application packages that are readily available to the participants in yourinservice.

Several organizational approaches have proven quite successful in inservice settings. For
example, the inservice participants can be divided into teams during Session 6, and each team canbe given a piece of software to study during the week. Then each team is made responsible for
staffing a "learning station" during Session 7. Participants spend Session 7 visiting a number oflearning stations wine they try out the software with the help of their fellow teachers.

An alternative approach is still more individualized. Each participant is given a piece of software
to learn, with instructions that their goal is to be able to teach its use to inservice participants like
themselves. Then Session 7 is devoted to one-on-one teaching, with each participant teaching one
or more others how to use their particular piece of software, and in turn receiving instruction onhow to use some other piece(s) of software. This is a very good approach, and it is apt to carry overto the participants' schools.

Still another approach is to select one or more pieces of applications software that are different
from the software that has been used so far in the inservice series. All participants learn to use this
new software, and group discussions focus on it. If that approach is used, it might be well tc alsogive some instruction in the evaluation of software. What does one look for when examining a newpiece of software? How can one tell good software from software that is not so good?

Of course, part of the answer lies in maldng appropriate use of work done by others. A numberof computer magazines carry software review columns. The Computing Teacher (published by theInternational Societ} for Technology in Education) regularly includes a science section and often
includes reviews of science-oriented software. The professional society journals for each area of
science education oftm contain computer-oriented articles and reviews of software. This weeksGame of the Week focuses on having participants explore some of these resources.

1 f .. II l I
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4.7.2 Script
4.7.3 Timeline

The Narrative Overview suggests a number of possible organizations for this session. Since this
session is nearly all hands-on, its design and conduct is quite easy. Therefore, we have not provide
a detailed Script or Timeline.

Section 4.7 1 Handouts contains materials that can be used for a whole group focus in Session
7. These materials include a Database Software Evaluation Form developed by students in a
computers in education course on databases at the University of Orr an. Of course, there are a
number of general purpose software evaluation forms available. lb one is specialized to a
particular type of software.

During the three year National Science Foundation project, inservices were also designed and
conducted for Elementary School teachers, Secondary School Mathematics teachers , and
Secondary School Social Studies teachers. All three of these inservices used the Apple II series of
computers. This focus on the Apple Il series vr.., because most of the participants were teaching in
schools having this equipuient.

However, the NSF project team chose to use Macintosh computers and the Microsoft Works
software for the Secondary School Science inservices. This was a hard decision to make, because
we knew that relatively few of the participants had access to Macintosh computers. Thus, most did
not have the opportunity to take the activities being done during the inservice and apply them
directly in their classrooms. The decision to use Macintosh computers was based mainly on our
desire to be "forward looking" rr'ier than "backward loci g." At the time the project started,
relatively few s. :nce teachers were making CII use of coluputers and relatively little computer
equipment was readily available to science teachers. We decided to develop inservice ideas and
materials that would fit the growing and changing needs of this particular inservice area, and that
would have a relatively long life span.

The decision to use Macintosh computers violated a number of the ke; ideas for the design ofan
effective inservice. Research strongly supports the contention that teachers need specific training
and practice on the materials and equipment that they are to use in their classrooms. Relatively few
teachers can transfer learning about a sophisticated hardware/software facility during an inservice,
to implementing the underlying ideas with quite different hardware/software in their own
classrooms.

We attempted to compensate for our "forward looking" Macintosh decision in several ways.
First, we placed substantial emphasis on the underlying science education concept that science
hinges on hypothesis generation and hypothesis testing. The generation and testing of hypotheses
does not require access to computers. Second, we included a reasonable number of off-machine
activities in the inservice series. These could be used directly by inservice participants in their
classrooms. Third, we were aware that a number of the participants had previously used Apple II or
other types of microcomputers. We strongly encouraged them to continue to do so, and to translate
inservice ideas from the Macintosh to these other machines. Fourth, we devoted Session 7 to hands
on activities using Apple II equipment. Fifth, we encouraged participants to do their term projects
on the hardware and software available for use in their schools.

) 4 ,
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4.7.4 Handouts

0 These handouts are needed during Session 7. The facilitator may want to make some of these
into overhead projector foils for use during the inservice.

Index to Handouts Page

Introduction to Sunburst Communications
Endangered species Databases

Database Software Evaluatim Form

Game of the Week

2

8

10
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Introduction to Sunburst Communications Endangered
Species Databases

The Endangered Species Databases contain the following database files:

Mammals: information on the condition of life, the location, and problems of Imdangeredmammals in the United States.

Critical: information on the world's most endangered animal species, including vertebrates andinvertebrates.

Extinct: a listing of extinct species of birds, mammals, reptiles, and amphibians from 1600 tothe present.

Books: recommended fiction and nonfiction about endangered or extinct animals, categorized by
age, subject, genre, animal, author, and title. Students and teachers are encouraged to addnew books.

Glossary: a glossary of terms pertinent to one or more of the Endangered Species databases.Students are encouraged to add new words.

Local: a database that students build to examine the status of threatened and endangered wildlifein their state or region.
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Evaluation of Endangered Species Database Activity

In this activity you will assume two roles: a) science student, b) teacher/evaluator of curriculum
materials.

Science Student Activity
The inservice facilitator will model an appropriate use of one computer with a large screen

projection device. The software will be the Sunburst Communications Endangered Species
Databases. During the demonstration, please assume the role of a science student. Before the
demonstration begins, please do the following activity.

Put a check next to the hypothesis that best describes why mammals in the United States are
added to the threatened or endangered species list.

Killing mammals viewed as pests (persecution) is the major reason mammdls become
threatened or endangered.

Habitat loss is the major reason mammals become threatenedor endangered.

Hunting is the major reason mammals become threatened or endangered.

Pollution is the -i.151 reason mammals become threatened or endangered.

Humans disturbing mammals in their natural environment is the major reason mammals
become threatened or endangered.

Poisoning is the major reason mammals become threatenedor endangered.

The handouts given below are typical of those that might be used in whole class and/or small
group activity with the Sunburst Communications Endangered Species Databases. Use these as
seems appropriate during the demonstration being presented by your inservice facilitator.

Endangered Species Data Collection Sheet I

Habitat Loss

Human disturbance

Hunting

Persecution

Number of records
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Poisoning

Pollution

In two or three sentences write a new hypotheses that describes why mammals are added to the
thwatened or endangered species list.

Endangered Species Data Collection Sheet II

Organiimg data in a list format may help you recognize patterns or trends that can help you
confirm, deny, or modify your newest hypothesis. (Note: At this stage of the whole class
demonstration, it is assumed that tlie class has been divided into groups and each group has
received an appropriate printout of part of a database.)

1. Creating a list format.

Each group has a printed report of the records selected by the computer for each Problem area(habitat loss, licman disturbance, hunting, persecution, poisoning, and pollutio..).

Review the printed reports. If a mammal's name appears in the report, put a check (4) in the
appropriate category on Data Sheet II.

2. Looking for patterns and trends.

Examine the list.

In two or three sentences write a new hypothesis that describes why mammals are added to
the threatened or endangered species list.

0 .1
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3. Generating a hypothesis.

There may be a relationship between the problem Hunting and the types of mammals
affected by it.

As a group generate a new hypothesis that might describe this relationship.

In two or three sentences explain wh.....1 organization of data was most useful in helping you
confirm or deny the mw hypothesis.

Endangered Species Data Collection Sheet III
1. In this activity you will select records from a database to help you confirm or deny a

hypothesis.

In your group, generate a hypothesis that describes the state with the largest number of
threatened or endangered mammals. Write your hypothesis in the space provided.
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2. Generating New Hypotheses.

Select one state you wish to explore in geater detail. Use the names of the mammals*on Data
Collection Sheet II to predict the types of mammals most likely to be threatened or
endangered in the state selected by your group. Write your hypothesis in the space provided.

3. Testing hypotheses using a database.

To test your hypothesis, we will select out the records of mammals endangered in each state.

On the map provided indicate the number of threatened or endangered species for each state.

If the records selected relate to your second hypothesis, note the types of mammals
endangered in that state. Does this information help you confirm or deny your hypothesis?
Use the information on Data Collection Sheet II to help you generate additional hypotheses.

Teacher/Evaluator Activity
Following completion of the whole class database exercise, yot, will evaluate the activity in

three different ways. Do this working in groups of three or four.

A. Bloom's Taxonomy of Educational Objectives: How much of the emphasis in the demonstration
lesson was aimed at each of the six levels in Bloom's Taxonomy?

1. Knowledge: Simple recall of information.

2. Comprehension: The lowest level of understanding.

3. Application: Using abstractions and principles in specific situations.

4. Analysis: Distinguishing and comprehending interrelationships.

5. Synthesis: Rearranging i(kas into new wholes, creating new structures.

6. Evaluation: Making judgments based on internal evidence of external criteria.

Lindgren, H. C. (1980). Educational Psychology in the Classroom (f ad.). New York:
Oxford University Press.
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B. Gagne's Conditions of Learning: How much of the emphasis in the demonstration lesson was
aimed at each of the eight types of learning in Gagne's list?

1. Signal learning: Classical conditioning; involves involuntary responses.

2. Stimulus-response (S-R) learning: Operant Conditioning.

3. Chaining: Combinations of sequential S-R responses.

4. Verbal association: Like chaining, but the links are verbal units.

5. Discrimination learning: Recognition of similarities and differences among stimuli.

6. Concept learning: Responding to abstract characteristics in classifying stimuli.

7. Rule learning: Combinations of concepts.

8. Problem solving: Using rules to achieve end goals in a variety of situations.

Gagne, R.M. (1985) The conditions of learning and theory of instruction. (4th ed.) New York:
Holt, Reinhart and Winston.

C. C13 model. How wtll did ale demonstrad . instructional unit adhere to the ideas that have been
emphasized throughout the inservice series?
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Yes No

O 0
O 0
O 0
O 0
O 0
O 0
O 0

O 0
O 0
O 0
O 0
O 0

O 0
O 0

Database Software Evaluation Form

Name:

Publisher:

Cost:

Hardware Requirements:

Make/Model of Computer:

Number of Disk Drives Required:

Minimum Memory Required:

Recommended Grade Level:

Maximum number of fields per record:

Maximum number of screens per record:

Maximum field length (# characters):

Maximum number of mcords per file:

General Characteristics
Program is easy to get "up and going"
Program is copy protected
Publisher permits multiple copying and/or multiple loading
Site license availablf:
Data is disk based (vs. memory based)
Menu is icon driven
Minimal simple mnemonic commands

Documentation/Tutorial/Help
Well organized, readable documentation
Tutorial included
Tutorial of value
Sample database files included
Help screens available

Data Entry
Saves data as it is entered
Custom screen layoute available

C13 Notebook 4.7.4 Handouts Page 8
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Yes No

0 0 0
0 0
O 0
O 0
0 0
O 0
O 0
0 0
O 0

O 0
O 0
0 0
O 0
O 0
0 0
O 0
O 0
0 0

0 0
O 0
O 0
0 0
O 0
O 0
0 0

0 0
O 0
0 0
0 0

AI

MeV Formatting
dollar format
%
scientific notation
calculated fields (within a record)
calculated fields (between records)
set decimal lengths
automatic date and/or time
graphic fields
logical fields (Yes/No)

Data Manipulation
Sorts data (simple sort only)
Sorts data by multiple fields
Searches for string or value
Selects records (Number of search criteria = )
Record selections include AND, OR, NOT, THROUGH
Record selections include arithmetic operators (<, >, =, )
Easily scans all records
Displays all records in a list on the screen
Displays individual records

Data Output
Outputs tables
Outputs individual records
Outputs to screen
Customized layout to printer (delete, insert fields.)
Custom layouts can be saved
Outputs graphics (if graphics are used)
Supports different fonts

Additional Features
Graphing capabilities within program
Graphing capabilities with separs' pmgram
Files can be transferred to a spreadsheet
Commercially produced database files are available

Recommendations
I would recommend this database for student use in:
0 high school 0 middle school
I would recommend this database for use by te
I would recommend this datallase for use by a
and /or office staff.

0 elementary school
achers.

dministrators

Note: This form was developed by students in CI 410 Introduction to Databases, University of
Oinon, Summer 1987.
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Game of the Week

Part 1

You have completed seven of the eight inservice sessions. The sessions have provided you with
information about how the computer can be integrated into the science curriculum. Hands-on and
off-compater activities have provided you with an environment to explore and become more familiar
with the computer as a teaching tool.

At this time we would like you to get comfortable, and take a few minutes to relax. Once
relaxed, imagine the ideal science classroom. You might consider some of the following: the
physical set-up, available equipment, curriculum offerings, teacher instructional .i yle, goals, etc.

After you have established a mental picture, write it down. The description can be in any form
you like: short paragraph(s), an outline, a list of notes and/or comments, or diagram. The goal of
the exercise is to provide a description ofyour ideal classroom environment.

Remember: There is no right or wrong answer. You are an experienced classroom
teacher and we are interested in what you conside r.. is the ideal classroom working
environment. (Of course, you should be somewhat realistic!)

Part 2

The educational use of computers is changing very rapidly. Since computers are very important
in science and in science education, it is important that all science teachers both learn about this fieldand learn how to keep up in this field. An inservice is a good way to get started. What is neededafter that is a continuing source of new information and ideas. Probably the best sources are thepublications of the professional societies for science educators.

During the coming week, browse through a half dozen recent issues of science education
periodicals. Select fiom at least two different periodicals. Then:

1. Write a brief summary of the nature and extent of computer educadon-related articles and
software reviews included in the periodicals. Include a brief comparison among the two or
more different periodicals that you examined.

2. Select ar. article or a set of software reviews that you feel is particularly appropriate to theparticipants in the inseryice. Make copies for each person in the inservice.

CI3 Notebook 4.7.4 Handouts Page 1 0
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4.8
Session 8: Projects and Closure

4.8.1 Narrative Overview

The last session can be devoted to a range of activities. Some suggestions:

1. Sharing the results of last week's Game of the Week. Each participant is supposed to have made
enough copies of some article for each person in the inservice. As time permits, each participant
can give a one minute summary of why they picked the particular article that they picked, and its
key ideas.

2. Group presentations of projects.

3. Discussion of results from the "Weather and Moods" multi-week Game of the Week project.

4 Group participants by :hools, and allow some time for the groups to do planning for where
their school is headed in terms of increased appropriate use of computers in scienc t. education
and/or throughout the whole school curriculum.

Whole group discussion on how to coordinate computer use in the middle schools or junior
high schools with computer use in the high schools. What would the high school science
teachers like students to have learned about computers before they get to high school?

6 Closure. The inservice facilitator might present a brief summary overview of what has been
accomplished and what followup support is availaoie. The inservice participants have developed
a strong level of mutual support. What will be done to continue this mutual support?

7 Evaluation. Remember, evaluation is to be done in a fashion that protects the individual
participants. It is most desirable that someone other than the inservice facilitator conduct the
evaluation and collect the data. The inservice facilitator should only receive summary statistics
from the evaluation data.

Recall that during the first session, participants filled out and handed in a form labeled
Participant Objectives (A Formative Evaluation Instrument). Hand back these
forms, and have each participant complete his/her own form. Then, as appropriate, make use of
some of the other formative and/or summative evaluation instruments given in the latter chapters
of this boo!,
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Available for
Logo Writer and

Logo PLUS

Introduction to
Programming in

Logo

by Sharon Burrowes Yoder
Designed for use either in teacher
training or in an introductory sec-
ondary computer science class.
Each section details new Logo
primitives or programming con-
cepts and ends wiih suggested
open-ended activitks for practice.
Numerous appendices include key
summaries, a quick reference con-
taining all Logo primitives, and
copies of shapes. Specify Logo-
Writer or Logo PLUS version
wrien ordering.

ISTE, University of Oregon

1787 Agate St., Eugene, OR 97403.9905

5031346-4414

Microsoft
Works

for
you!

Microsoft Works for the
Macintosh: A Workbook

for Educators

A teacher's homework is
rarely done. Grade books, trans-
parencies, letters to parents,
lesson plans, and class
schedules are time intensive
responsibilities. Help is here.

Learn MicroF,oft Worns while
you're leaming to manage your
teaching responsibties rore
efficiently and professionally.
Microsoft Works for the
Macintosh: A Workbook for
Educators by Keith Wetzel
supplies you with field-tested
activities and a procedure disk
of examples that guide you in
making your own templates.

Microsoft Works for the
Macintosh: A Workbock for
Educators helps you get your
homework done on time.

Available for Worns, Versions
1.1 and 2.0. Please specify
version when ordering.

ISM. University cl Oregon 177 Agana SUeet, Eugene, OR 97403-9905 503/346-4414
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ef-fevtive\i=fek-tivtadj (14e)

1 a : producing a decided, decisive, or
desired.effect b : IMPRESSIVE,
STRIKING-
: ready for service or action

Computer-Integrated
Instruction:

Effective Inservice

Dave Moursund's comprehensive series on inservice
training for computer using educators has grown.
Effecdve Inservice for Secondary School Mathematics
Teachers and Elementary School Teachers are joined
by texts for Secondary School Science Teachers and
Secondary School Social Studies Teachers.

Based on a National Science Foundation project,
these volumes bring you the latest research on effective
training. Each work contains specific activities and
background readings that enable you to hold inservices
that result in positive, durable change at the classroom
level.

If you design or run computer-oriented inservicd;
Effective Inservice for Integrating Computer-As-Tool
into the Curriculum will help you develop a sound
program through theory and practice. Sample forms
for needs assessment and formative and summative
evaluations are included.

Each of the five volumes comes in a three ring binder
that includes both hard copy and a Macintosh diskof
the printed materials. Math, Science, Social Studies,
and Elementary School volumes are available
individually, or you can get the complete set of five
at a discount.

ISlE, University of Oregon, 1787 Agate Street
Eugene, OR 97403-9905 5031346-4414

The Olympics, some fairy tales, a basketball game, and a
car wash help you teach Appleworks to your class.

ClassWorks: AppleWorks for the Classroom by
Rick Thomas gives you everything you need to
teach AppleWorks to your students. They'll learn
word processing from a fairy tale; you'll be the
good fairy. They'll learn databases from updated
Olympic sporting events; you'll be the award
official. They'll learn spreadsheets from basketball
stats and a car wash; you'll shine ake a NBA
player's Porsche.

Through lesson plans, worksheets, quizzes, data
disk 3sd 54 overhead transparency masters, the

excitement of AppleWorks unfolds with award-
winning ClassWorks: AppleWorks for the Class-
room.

Be a heroic athlete with a clean car, or he the
teacher with the most apples on your desk. Teach
with ClassWorks: AppleWorks for the Classroom.

ISTE, Unlvarstty c4 Oregon 1787 Agate SL, Eugene, OR 97403-9905
503446-4414
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International. Society for Technology in Education

If you are interested in obtaining:
* Membership to ISTE
* A catalog of ISTE's books and courseware
* Information about ISTE's Special Interest Group
* Information about ISTE's Independent Study Courses

Membership, Categories
Professional members receive eight issues each ofThe Computing;Teacher journal and
the Update neWsletter, and four issues of The Journcil ,of Research on Computing in
Educationer year:.
Basic mernbers receive eight issues each of The Computing Teacher journal, and the
Update newsletter per year.
All members are eligible for discounts on ISTE books, courseware, and Special Interest
Group membership.

Fill out the form below and return it Lc,:

ISTE, University of Oregon 1787 Agate Street Eugene, OR 97403-9905

If you have any questions or comments for ISTE, please write us a note or give us a call
at (503) 346-4414. We would love to talk to you.

Yes,
I would like to receive information about ISTE:

Name

Company/School

Address

City/State

Postal Code

Phone

riease send me the following (at no charge):

0 Information on ISTE membzrship
0 Catalog of ISTE products
O Info on ISM Special Interest

Groups
0 Info on IS7E Independent Study

Courses

.00ALsck.,ISTE
University of Oregon ;

1787 Agate Street (41.

Eugene, OR 97403-9905

:3 ;
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5.1
Evaluation Overview

Rational for Evaluating Inservice Programs
The planned outcome of many inservice programs is a set of changes in attitude or behavior.

While formal evaluation provides staff developers with a useful tool in planning, designing,
developing, and implementing of staff inservice, "systematic evaluation of inservice programs is the
exception rather than the rule" (Gall & Renchler, 1985, p. 28). The literature survey conducted by
Vivian Johnson (1988) for her Ph.D. dissertation indicated that very few inservice projects are ade-
quately evaluated either while they are being conducted or after they have been conducted. That is,
very few inservice facilitators gather data that could be used to judge the effectiveness of their work.

There is a substantial literature on effective inservice practices. In addition to Johnson (1988), a
good starting point :or the novice student of this field is V'ade's (1984-85) meta-analysis of 91
inservice studies. There is a very substantial bibliography in Joyce and Showers (1988). A number
of effective practices identified by Stecher and R. Solorzano (1987) are listed in Table 1 given on
the next page.

Evaluation studies provide staff development personal with a mechanism for judging the
effectiveness of a program. The evaluation processes ... divided into two components: formative and
_ammative. A key point to remember is that the development of formative and slur native evaluation
plans should always occur in conjunction with the planning, design, and development of inservice
progams.

rormative evaluation concentrates on measuring the immediate success of the program. It
begins with a needs assessment. Then as the project continues, it provides feedback fo: the
improvement and development of the ongoing activities. Goals of a formative evaluation include.

1. Developing a permanent record of conditions prior to inservice. (This use also needed f3r
summative evaluati3n, since it provides a baseline for measuring change.)

2. Determining staff development rzguired for improvement of the school, curriculum, etc.

3. Ensuring the inservice program is implemented as effectively as possible.

4. Identifying unanticipated outcomes.

Of the objectives listed, developing a record of pre-inservice conditions is typically eliminated
from evaluation plans. This occurs because plans for formative ev aluation are neglected Pntil
inservice is about to be implemented or is in progress. But without a record describing the pre-
inservice conditions, it is difficult to deteemine the type or degree of change that occurs during and
following an inservice. This impacts judgaig the overall effectiveness of a program (summative
evaluation), especially when the expected outcomes of an inservice are changes in participant
attitudes, behaviors or values.

Cl3 Notebook 5.1 Evaluation Ov;rview Page 1
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While formative evaluation is valuable, it provides little insight about the factors that affect
institutionalizationthat is, long term acceptance and implementationof a change (Fullan, 1982).To determine the long term changes that are maintained following inservice requires simmative
evaluation. Summative evaluation is also used foraccountability, certification, selection orcontinuation of an established program. It concentrates on measuring the residual effect of the
program over time (6-12 months or more after the project has ended). Unfortunately, summative
evaluation is typically neglected.

Table 1: Effective Computer Inservice Practices
1. Extensive practice with computers.

2. Comfortable and relaxed atmosphere.

3. Appropriate balance between lecture and guided practice.

4. Individual attention.

5. Knowledgeable trainers.

6. Detailed curriculum guides and lesson plans.

7. Clear and relevant objectives.

8. Lesson-related materials and handouts.

9. Inservice lessons linked to instruction.

10. Peer interaction.

11. Voluntary participation.

12. Strategies for teaching heterogeneous classes.

From Ch-.. 7cteristics of effective computer in-service programs. by B.M. Stecher and R.
Solorzano, 1087, Pasadena, CA: Educational Testing Service. Copyright 1987 by EducationalTesting Service.

Why should you be interested in the residual effect? After all, formative evaluation can bedesigned to measure specific content, skills, or instructional strategies learned by participants duringthe inservice. But, unfortunately, research indicates that knowledge, behaviors, and skills acquiredduring inservice are seldom transferred to classroom situations. The problem is that withoutexamining the residual effect over time (longitudinal formative or summative) you are unable todetermine the overall effectiveness of your inservice program.
A major goal in summative evaluation is to produce accurate descriptions of the program alongwith measures of its effects (i.e., changes in participant attitude or behavior). These descriptions arevaluable for a number of reasons. Typically the program description includes estimations of pro-

gram cost and helps decision makers determine if the program is worth continuing based on its
costs. Program description can also serve as planning documents for people wanting to duplicatethe program or adapt it to another setting. Program descriptions also document where you startedfrom, your current state, and where you want to or plan to go. Including descriptions of where youplan to go ties summative evaluation to the first stage of formative evaluation, the needs assessmentprocess.

Cl3 Notebook 5.1 Evaluation Overview Page 2
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A fmal and neglected use of evaluation is for improving recycling of inservice programs. Many
inservice providers present their inservices several times per year over a period of years. Keeping
track of what presentations go well, what software is useful the needs of those in the workshop
make it easier to improve the next cycle.

Stecher and Solorrano (1987) identify two problems that result 11-..,m the lack of evaluation
research. One, without evaluation research it becomes difficult tr, judge the relative merits of
inservice programs (summative evaluation). Two, without evaluation research, developers have
little data to guide them in developing new programs and improving existing ones (formative
evaluation).

Planning for evaluation encourages developers to operationalize the goals, objectives, and
outcomes of an inservice program. The process of operationalizing encourages developers to divide
the change into smaller pieces thus avoiding the pitfall of tying to accomplish a complex change in
one step. Evaluation is a constant reminder that change is difficult, complex, and takes a long time.

Current State of Computer Inservice Evaluation

A review of the literature indicated the majority of computer related inservice is not evaluated.
When evaluation does occur, it is usually on a small scale and is "one shot," taking place during or
within several days of the inservice. The most frequent evaluation goals are determining
modifications required for program improvement, making quantitative judgments of whether
inservice occurred, and validating that funds were spent on the development and/or initiation of the
proposed program or course.

The two most frequently used criteria for measuring the quality of an inservice program are:

1. Changes in participant attitude toward compters.

2. Changes in participant computer literacy or knowledge/skills about particular aspects of
using computers.

The selection of these criteria is based on the notion that a: participants develop a higher level of
computer literacy and knowledge/skills, and positive attitudes towani computers, they will increase
their classroom use of computers. The limited research does not support this notion! This is a very
important point. An inservice can be quite effective in increasing teacher knowledge and skills in :he
computer field, and have little impact on the teacher's students.

Studies by Vockell & Rivers, 1979, Mitchell, 1986, and Van Walleghem, 1986, suggest that
positive attitude toward computers and computer literacy dces not have much to do with classroom
use of computers. The longitudinal follow-up completed by Vockell and Rivers (1979) indicated
that participants completing an introductory computer course subsequently tended not to use
computers in their classrooms. Subjects attributed their non use of computers to lack of access
rather than a lack of knowledge on how to use them.

Two studies addressed the relationship between changes in teachers' willingness to use
computers following inservice and actual classroom use of computers (Mitchell, 1986; Van
W- lleghem, 1986). These studies indicated that while teacher willingness to use computers
inc.-eased following inservice, this willingness did not correlate well with actual computer use in the
classroom.

Planning to evaluate a computer related inservice

The evaluation of a computer related inservice should be designed to measure the extent that
inservice objectives were achieved, identify problems associated with implementing the inserv ice
objectives in the classroom, and measure the long term effect of inservice objectives on student
aci-devement. The evaluation plan should contain two phases, formative and summative, with
approximately equal amount of time and effort allocated to each.

Cl3 Notebook 5.1 Evaluation Overview Page 3
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Summative evaluation should focus on:

1. Participant knowledge about computers. (Is there a change that can be attributed to the
inservice?)

2. Participant atitude toward computers. (Is there a change that can be attributed to th.'
inservice?)

3. Participant instructional and professional use of computers. (Is there a change that can be
attributed to the inservice?)

4. Changes in the instructional use of computers by the students of the inservice participant.
(Is there a change that can be attributed to the inservice?)

Pre and post questionnaires are effective instruments in measuring changes in participant
knowledge and attitude, but remember that increased willingness to use computers does not
correlate well with actual computer use in the classroom. If the goal of your inservice is to increase
classroom use of computers, your evaluation plan must use additional criteria besides changes in
participant knowledge and attitude.

Longitudinal evaluation is the only way to determine if sustained changes in classroom use of
computers have occurred following inservice. The evaluation should use of a multi-method
approach, including both quantitative and qualitative measures. The multi-method approach helps
expose the numerous factors (access to computers, lack of administrative support, teachers not
seeing a value in the innovation, etc.) that inhibit or prevent teachers willing to use computers from
actually doing so. Measuring changes in classroom use of computers requires base line data on
instructional use of computer use prior to the inservice. Changes in computer use that occur during
for iative evaluation are insufficient to judge the extent of computer implementation in the class-
room. It is necessary to use longitudinal, summative evaluation techniques to see if gains made
during an inservice program are sustained.

Summative evaluation also serves other purposes. Plans for longitudinal evaluation are evidence
of an institution's long term commitment to implementation of the innovation (it simply is not going
to fade away). Identification of factors that impact on the residual effect of inservice can facilitate
making changes in the culture and organization of the school necessary to maintain the innovation.
Fullan and Pomfret (1977) believe the main problem in implementing curriculum innovations is
"that curriculum change usually necessitates certain organizational changes, particularly changes in
roles and role relationships of thoce organizational members most directly involved in putting the
innovation into practice. ...Often the organizational (role relationship) change aspects of curriculum
projects are left implicit in the plans (p. 337 )." Longitudhial evaluation makes explicit the
organizational and cultural changes that must occur for computers to become an everyday
instructional tool. Only when these changes are ma& xplicit can they be addressed in an overallplan for staff development.

Selection of an evaluator

In an ideal situation thz: use of an outside evaluator to assist in the planning, design, and
development of an inscrvice program is highly recommend. This is especially important if the
inserviee developers have little experience with evaluation and/or if the inservice is to be presented
more than once. An evaluation expert car anticipate generic problems associated with the evaluation
process and help train inservice personal in the development of an evaluation plan.

An unfortunate reality is that many inservice projects may not have the resources to obtain theservices of an external evaluator. This places the evaluation component in the hands of inservicedevelopers If inservice personal are unfamiliar with evaluation process, they should solicit as muchhelp as they can from experienced evaluators. It is recommended that the draft evaluation plan besubmitted to an external evaluator for review and comment, even if the external evaluator cannotparticipate in the development and implementation process. No matter who ends up planning and
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conducting the evaluation, the process should occur in conjunction with the initial planning stages
of the inservice.

Role of local evaluator

The primary role of the local evaluator is to gain consensus on the decision to evaluate, and to
plan and implement the evaluation. When planning the evaluation, it is necessary to gain
administrati7e and participant support for the pmcess. Typically this requires persuading people of
the value of evaluation and dispelling its negative image. A large body of research supports the need
for continuous evaluation of any change effort (the change process, models of effective staff
development, and innovation and implementation attempts).

Gaining administratiie support is especially helpful, particularly when additional resources art
required to conduct the evaluation. Participant support is critical and cannot be taken for granted.
Prior to the inservicethat is, during the needs ....,sessment interaction with potential participants
discuss the value of evaluation in helping to judge the reasonableness of inservice objectives, in
assessing reasonable timelines for integrating computers in the classroom, for assessing the extent
of resources necessary for this change to occur, and for helping administrators keep in touch with
the actual realities of a classroom situation. Remember that participants may be distrustful of the
evaluation process, so try to allay their fears. Creating an atmosphere conducive to evaluation
should occur with planning wnat to evaluate.

Evaluation objectives and topics

Inservice evaluation should address the content of the inservice, the presentation of t, material
(that is, the quality of work being done by the inservice facilitator), changes in the particioants, and
impact on the students of the participants. Impact on students is the most difficult to deteLaine. It
should not be attempted on a formal level (summative evaluat:oa) until a certain predetermined level
of classroom computer use is documented. That is, measuring the impact on students of a computer
inservice for teachers, is a complex and demanding task. It requires cartful collection of baseline
data (where the stulents are A the beginning with respect to the types of changes being fostered
through the inservice).

Computer inservice is a new area. Little agreement exists among educational computer experts
as to the most appropriate scope and sequence for computer related inservice. The small body of
existing evaluation research is helpful in guiding the plannii.g and design of computer inservice, but
there is a word of caution. Use the research as a ,4uide, but also tailor the inservice content to reflect
the unique nature of your school district, and its long and short range computer goals. Ideally,
inservice would be closely tied to carefully developed plans for instructional use of computers in
schools that have been developed by the schools and districts of the educators who will participate
in the inservice. The planning process is part of the needs assessment effort.

Formative evaluation occurs simuhneously with the initial needs assessment, the initial
planning, and the actual conduct of the inservice. A growing body of literature on effective inservice
practices and effective computer inservi;e practices is starting to surface (refer to Table 1). Inservice
developers shoukl use this limited research to guide their development of inservice delivery
systems. Practitioners can also help the field of educational computing by making systematic studies
of which techniques are the most effective and under what conditions.

Table 1 lists a number of possible areas for formative evaluation. That is, the inserv ice facilitator
may decide to implement a number of the suggestior.., given in that table. Formative evaluatioa can
help the facilitator to determine how well such a decision is being implemented.

Formative evaluation prior to and during the inservice measures how well the content met the
current needs of participants. Longitudinal formative and summative evaluation determines when
specific inservice programs art outdated and new ones need to be developed. It is important to
remember that the goals of computer education are changing. The direction and content of computer
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related inservice will require careful monitoring to ensure it meets the needs of teachers, and is
continually updated to reflect changes in the field.

Determining the content of a computer inservice typically begins with a needs assessment. The
needs assessment process can be viewed as a special type of evaluation. The goalof needs
assessment is to describe what you want the final state to be, assess the current state, and determine
if their is a discrepancy between the two. If a discrepancy exists, intcrvention is necessary.
Inservice is a common component of the intervention process.

The introduction of any inncvadon r-,..tpires an assessment of the staff skill level with regards to the
innovation, staff attitUde UN ard the innovation, and the characteristics of the school climate that
impact on implementation of an innovation.

A formal formative evaluation plan typically includes pre and post questionnaires to detern c
participant knowledge and attitude. This approach is quick and efficient but lacks desc.,ptive &tail,
provides little evidence on participant computer skill level, and provide little insight into the
pmblems teachers face when trying to use computers in the classroom. Combining questionnaires
with informal approaches results in a richer description and may identify unanticipated problems or
concerns. Informal approaches include engaging staff in informal conversations and structured
interviews, attending staff meetings, and talldng with adnLaistrators.

Assessment of participant initial skill level is both a delicate issue and difficult. Most inservice
teachers object to the idea that they might be given tests of their knowledge and skills in an area
such as instructional use of computers. This suggests that instead one should use observational
techniques. These should include unobtrusive observation (walk-bys of teacher classrooms, nuting
who is using school computer facilities, sign out sheets for mobile computers, department requests
for software and hndware) and obtrusive observation (classroom visitations). An excellent
reference on unobtrusive evaluation techniques is Webb et al (1966).

Currently there is little theoretical basis for the development of effective computer related
inservice. Without the development of this knowledge, staff developers will continue to reinvent the
wheel every time they need to conduct computer related inse:vice. Documenting, through
evaluation, the successes and failures Lail help us build a common knowledge base useful tu both
researchers and practitioners.

Magnitude and extent of the evaluation

The appropriate magnitude and extend of an evaluation is dependent on the magnitude of your
staff development goals for integrating computers into the classroom. Small and simple goats
requires smaller evaluations, while complex goals require substantial evaluation efforts. As a very
rough rule of thumb, you might think of spending approximately ten percent of the inservice time,
effort, and money on evaluation.

Longitudinal evaluation is a systematic way to detect permanent changes in participant
behavior, the types of changes, and if the changes were the anticipated ones. Measuring changes in
participant behavior enables you to assess the lt,vel of implementation that has occurred following
inservice. Determining the level of implementation is imporant because with complex changes
(such as increasing in-class computer use) staff developers frequently under estimated the time
required to bring about a permanent change. Remember, evaluation of the impact on students can
not be determined unless some predetermined level of in-class computer use has been achieved.

To date, most evaluation efforts have been small scale and short term. These evaluations
concentrate on measuring the appropriateness of inservice content and materials, the effectiveness oi
the delivery system, and h 'mediate changes in participant attitude, knowledge, or skill level occur-
red. This information is especially important when developing new inservice programs. However,
without knowledge of the long-term residual effects, it is difficult to determine what changes
occurred and if they were maintained. This prevents staff developers from systematically planning
what should be done next or what additional interventions are necessary before moving on.

t ,
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Collecting evaluation data

One overriding concern of any evaluation plan is to not overwhelm the subjects ,vidi additional
work. This is especially true when working with class-N:1m teachers. Frequently, teachers attend
inservice programs foilowing a full day of classes ana are tired. However, teachers respond posi-
tively when they feel the information provided by them is valued and will be used by the project
developers.

A substantial amount of data can be gathered quite quickly if the data collection instruments are
carefully designed. "Keep it short and simple (KISS)" is a reasonable motto. The evaluator should
think carefully about the purpose of each question. How will the data be analyzed, and how will it
be used?

It is also important to be aware of the attitude of the subjects you are working with. A volunteer
gnup in general will be more respective than a coerced group. Evaluation of the the CI3 p:oject
suggests that a volunteer group selected to participate via a competitive process will be the most
likely to participate in a longitudinal evaluation. (That is, the ideal situation is that the participants
are volunteers, and more people volunteer than can be accommodated.)

It is highly recommended that all evaluation information be anonymous. (By this we mean that
the facilitator of the inservice should not be able to ;onnect formative and summative evaluation data
collected during and after the inservice with specific individuals in the inservice.) It is a fact of life
that any evaluation is stressful to people participating in it. Making all data anonymous does two
things. One, it helps assure subjects their responses will not result in negative or punitive actions.
Two, it creates an atmosphere where teachers art comfortable responding in an honest and frank
manner to evaluation ouestions.

The problem of eviluation stress is compounded when computers are involved. Computer-
_elated inservice can produces high levels of stress because of the difficulty associated wi-th
integrating computers into the classroom. The combination of the normal evaluation stress and
stress related to computers has the potential for creating an extremely bad situation. Reducing both
sources of stress is extremely important if you want to be successful in this major change effort.

An example

In this section we will describe the development of an instrument for evaluating a computer
inservice. We include the instrument that was developed and a sample of the outcomes obtained
when the instrument was used with a group of secondary school science teachers who were
participating in a series of inservice sessions. We will cover purposes, instrument design, file
construction, statistical analysis, and interpretation. The ideas illustrated here are eqpaPy applicable
in inservices in math, science, social studies, elementary education, etc.

The purpose of our evaluations in the CI3 project was three fold: 1) formative 2) surnmative
Ind 3) long-term residual. Here we will concentrate on the formative and summative aspects of
one workshop devoted to integrating computers into the middle and secondary school s.ience
curriculum. The same ideas can be applied to inservices aimed at other groups of educ :tors.

Concern for the participant: Participants do not come to us to be evaluated, they come to
learn. One must keep the forms and the evaluation brief. We allow about 40 minutes for the whole
process during the eight two-hour inservice sessions, with 20 minutes devoted to mid-course ses-
sion and 20 minutes devoted to evaluation during the final session. The inservice providers were
not in the room during the collection of data; the outside evaluator distributed, collected and
analyzed the data.

Form Development: Many of the forms we are using to illustrate the process (a number of
additional forms are given in the next chapter) were developed following observations of the ses-
sions. The local evaluator attended the majority of the inservice sessions and hada good idea of
what the content was for each session. The specifications driving the writing of the forms were to
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what the content was for each session. The specifications drivingthe writing of the forms were to
assess 1) quality of the delivery of the information 2) interest of the material to the participant, and
3) relevance of the materials to the teaching tasks of the participants.

An evaluation instrument was developed to specifically fit the software used in the sessions.
The science inservice sessions used Macintosh computers and the primary piece of software was
MieroSoft Works, an integrated package. Most of the inservice participants did not have access to
Macintosh computers in their schools. (This means that modifications of the instrument will be
needed to fit other inservices that use different hardware and software, and focus on different
subject imam.)

All evaluation instruments should end with a series of open-ended questions. However, it is
prudent to restrict the space allowed for writing open-ended responses.

The usual method of form development involves a stage in which there is a pilot test of the form
itself. In informal and semi-formal sittudons, this can be accomplished with a small number of
people. The main idea is to be sure that the wording is clear.

Questionnaire specifications: The instrument given in Figure 2 was used to evaluate a
computer workshop designed for a mixed audience of absolutely novice and more experienced
users of computers. All were middle-school and high-school science teachers. The main long-term
goal of the workshop was to increase the use of computer as a tool in the science classes taught by
the participants.

The goals of the questionnaire were to evaluate the technical quality of the delivery, the specific
action of some of the components, and whether the participants were able to see the major goal of
the workshop. There were a few questions aimed at specific problems such as the effect of
computer labs on instruction and the problems that participants may have had shifting to an
unfamiliar computer. (While a number of participants had encountered the Macintosh before,
relatively few had substantial experience with this machine.)

Questions 1, 7, 14, 15, 16, 18, 20, 22, and 25 are directed to the delivery of the workshop.
Question 25I would recommend this workshop session for other teachersis particularly
important. If the responses to this question were negative, thea there would have been the need for
extensive soul searching and a change in direction.

Questions 4, 8, 10, 11, and to some extent 9, are directed to the type of programs being
presented ;n the first half of the workshop. In these sessions the general presentations covered
using the computer and databases. This was what was being taught, it was not negotiable. Negative
responses to these questions would have led to a rethinking of the delivAr., system, not a
reemphasis on other materials.

Question 2 and 4, are directed at the general ide . of the workshop. These questions were
covered more thoroughly in the evaluation at the end of the workshop.

Question 23, 24, 27, and 29, were directed to some problems revolving around transferring
from Apple to Macintosh computers. Question 26 was very specific because the evaluator noticedthat some of the participants seemed to be having difficulty with the mechanics of typing.

In summary: We expect to ask questions fooised at the content of the workshop. We expectto take a very brief look at the effectiveness of the delivery systems, wIflh include the quality of the
teaching and the programs demonstrated.

Results: Figure 2 presents the evaluation instrument and sample data collected about halfway
through the inservice. The relevant information to examine is the mean responses to each of the
Items 1-25. It is well not to overwhelm the user of the data with statistical excesses from packaged
programs. The inservice facilitator may be able to modify the inservice sessions in response tomajor deviations from what was anticipated. Means, rounded to the nearest .5, suffice for this
purpose. Of course, some inservice facilitators will want to see more detailed statistics. We have notincluded additional statistical data here, but the evaluator of the project provided as much detail asthe facilitators desired.

Output in the form Fibure 2 contains information that is ye.), helpful. In particular, question 3
reveals that participants see the ability to use computers more in the future as being enhanced. It is
quite apparent that the overall evaluation of this workshop is good. The participant; feel more
confident with computers (Q1), find the material worthwhile (Q14), and see the workshop as
relevant Some of the textur.: -c the situational setting can be found in the participants responses to
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the questions about availability of computers (Q21 and Q13). Those delivering the workshop
should be proud of the responses to Q14, the binder and hindout n. iterials are useful; Q16, the
workshop lived up to my expectations; and Q25, I would tcommend this workshop to others.
Responses to all these questions are near the top of the scale.

There are worries; Q2 indicates that they are not using the computer more. Q9 and Q11 indicate
that more time should be spent on why databases are needed and the game of the week.

It is important to remember why this particular workshop was selected for illustration. It was
the first time the science inservice was offered to a group of teachers, and it was the first time the
inservice facilitator was in charge of such an extensive inservice series of sessions. Different
computers were used (that is, Macintosh computers instead of the Apple 2 computers that the
participants might have anticipated). The second presentation of the material (that is, a replication of
the inservice series done the next year) showed that the pro,..iders made some changes that were
reflected in the participants respon The evaluator dJes not recommend cross-group comparisons
because conditions and clients are not constant.

Science Inservice Evaluation astrument (This is the start of Table 2)

(Note: This instrument was desigilexl to require about 20 minutes to complete. The small letter "m"
in the response field indicates the Mean Response of a group of science teachers who were
participating in a sequence of eight two-hotz computer inservices.)

Instructions: Please take about 20 minutes of your time to fill out the form. It is designed to help
us assess the quality and effectiveness of the inservice, and to improve it. All responses will be
confidential. Only summary statistical data and responses that cannot be used to identify specific
participants will be provided to the inservice facilitator.

In the following questions, a response of 1 indicates that you strongly aisagree with the statement,
while a response of 5 indicates that you strongly agree with the statement. A response of 3 is
neutral.

1. I feel more competent with computers than I did at the start
of this workshop.

2. I am using computers more with my students than I did
at the start of the workshop.

3. As a result of 'his workshop, in the future I will be able to
use computers more with my students.

4. I can see ways to integrate the programs demonstrated in
the workshop into my curriculum.

5. As a result of this workshop, I have found programs not
demonstrated in the workshop and integrated them
into my curriculum.

6. I have been able to interest other teachers in what we nave
been doing in these workshops.

7. The sessions contain too much information to
absorb comfortably.

8. I would like to see some programs demonstrated that are

Disagree Agree

1 2 3 4
m

5

1 2 3 4 5
m

1 2 3 4
m

5

1 2 3 4
m

5

1 2 3 4 5
m

1 2 3 4 5
m

1 2 3 4 5

1 2 3 4 5
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9. The Game of the Week has been helpful. 1 2 3 4 5

10. The sessions have helped me recognize non-computerized 1 2 3 4 5
database applications in my classroom. m

11. I feel that databases have a legitimate role in science 1 / 3 4 5
classrooms. m

12. Time should be spent exploring practical problems like 1 2 3 4 5
getting studenLs to the computers. ra

13. The greatest block to using computers is lack of access. 1 2 3 4 5
m

14. The contents of the binder (the handouts) is worthwhile. 1 2 3 4 5
in

15. The workshop activities are relevant to my cumnt 1 2 3 4 5
classroom needs. in

16. This workshop has lived up to my expectations. 1 2 3 4 5

17. I have learned a great deal about computers c om other 1 2 3 4 5
participants in the inservice. m

18. We should take more time to explore dr --ograms 1 2 3 4 5
that we have seen in the workshops. m

19. The illstn1CtorS should have spent more time assessing 1 2 3 4 5
existing computers skills in the group of participants. m

20. The written materials clearly explain the software that 1 2 3 4 5
we are using during the workshop sessions. al

21. The district emphasis on computer laboratories for word 1 2 3 4 5
processing limits access to computers at those times I m
might use them for science.

22. The progress of the workshop through the computer programs 1 2 3 4 5
we have explored is slower than I would have liked. m

23. Transfer (of my previous computer knowledge) from other 1 2 3 4 5
computers to the Macintosh was relat:vely easy for me. m

24. Learning the mechanics of using the computer is more the 1 2 3 4 5responsibility of the individual teacher (via working outside m
of the workshop) than it is of the workshop facilitators during
workshop sessions.

25. I would recommend this workshop for others. 1 2 3 4 5
m
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Instructions: The following four questions can be answered Yes or No. Please circle your
choice.

(Note to reader: The percentages given are data from the same group as above.)

26. I am a reasonably competent touth typist. Yes 67% No 33%

27. I was familiar with the Macintosh computer before
the start of the workshop.

Yes 42% No 58%

28. The bulk of the material we have covered was familiar
to me before the start of the workshop.

Yes 25% No 75%

29. I was familiar with the Apple H computer or other computers
before the start of the workshops.

Yes 67% No 33%

Instructions: Please provide brief responses to the following questions. Use 'le back of the page
if necessary.

30. What is the most positive aspect of the workshop?

31. What are the factors most needing improving?

32. Please write up three ideas that you .1ink you have picked up that may be directly applicable to
your classes.

33. Any other comments you would like to make would be appreciated.

Table 2: Science Inservice Evaluation Instrument

Cl3 Notebook 5.1 Evaluation Overview Page 1 1

-45



References

Gall, M. D. and Renchler, R. S (1985) Effective staff development for teachers: A research-based
model. Eugene, OR: ERIC Clearinghouse on Educational Management.

Fullan, M. (1982). The Meaning of Educational Change. New York: Teachers College Press.

Fullan, M., and Pomfret, I.. (1977). Research on curriculum and instmcdonal implementation.
Review of Educational Research, 47, 335-397.

Hanfling, Seymour Samuel ( December 1986). A formative evaluation of elementary and secondarystaff development inservices on integrating computer innovations into the curriculum. Ph.D.
Dissertation, University of Oregon.

Hord, S. M , Rutherford, W. L., Fluling-Austin, L., and Hall, G. E. (1987). Taking Charge of
Change. Alexandria, VA: Association for Supervision and Curriculum Development.

Johnson, Vivian Patricia ( August 1988). An exploratory case study describing the long-term
residual effect of the computer-integrated instruction inservice (CI3 project). Ph.D.
Dissertation, University of Oregon.

Joyce, Bruce and Showers, Beverly (1988). Student achievement through staff developmen:, NewYork: Longman.

Mitchell, V. (1986). An assessment of urban elementary and secondary teachers' knowledge about,attitude toward, and willingness to use microcomputers. Dissertation Abstracts International,47, 369A-370A.

Moursund, D. and Ricketts, D (1988). Long-range plannin for computers in schools. Eugene,
Oregon: Information Age Education.

Stecher, B. M., and Solorzano, R. (1987). Charm- !ristics of effective computer in-service. (NSF
Grant. No SPA8550353). Pasadena, CA: Educational Testing Sell ice.

Van W.Ileghem, J. (1986). The effect of learning to use a computer data management program onsimial education teachers' measurement practices. Dissertation Abstracts International, 47,3992A.

Vockell, E., and Rivers, R. (1979). A computer simulations course for inservice teachers. The
Computing Teacher, 7(2), 53-r5.

Wade, Ruth K. (December 1984/January 1985). What makes a difference in inservice teacher
education? A meta-analysis of research. Educational Leadership, 42, p48-

Webb, Donate:: Cambell, Donald; Schwartz, Richard; and Secrest, Lee (1966). Unobtrusive
measures: Non reactive research in the social sciences. Rand McNally.

Cl3 Notebook 5.1 Evaluation Overview Page 1 2



5.2
EVALUATION FORMS

'his section containc samples of a number of the evaluation forms used during the NSF project
inservices.

Title of Form Page

Principal Interview Form (Needs Assessment) 2
School Site Information Sheet 4
CI3 Teacher Needs Assessment 5
Concerns Questionnaite 7
Computer Attitudes Survey 11

Sample Results from Computer Attitudes Survey 12
Ease of Use Survey 13
Participant Log Sheet 14
Social Studies Inservice Evaluation 15

to

0 4 7
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1 rincipal Interview Form (Needs Assessment)

Name:

School:

Date:

Principal interviews are conducted as part of the needs assessment. The idea is to interview the
principals (or other high level school administrators) in the schools of the inservice participants.
Ideally, the pecple being interviewed would also participate ...1 all of the inservice sessions, or at
least in a significant number of them. Research sugge:ts that this is highly desirable if the intent is
that the inservices will lead to changes in the classroom. School administratcrs are key edlicational
change agents. Unless they give open and strong support to teachers working to make change in the
curriculum, relatively little change is apt to occur.

One typically begins an interview by explai. :ts purpose and what the information will be
used for. The person being interviewed should _ ...,ared that the infonnat:on will be confidential.
Some people doing interviewing fmd it desirable w use a tape recorder. If this is done, be sure to
ask the interviewee if he/she minds being recorded. Since direct quotes of the answers are not
needed and many people feel uncomfortable talking into a recorder, it is probably better to not make
use of a recorder.

When several people are to be interviewed for the same purpose, it is helpful to have a script or
a sequence of ques:Tons that all will be asked. However, feel free to deviate from the script in order
to follow up on important issues.

1 What do you perceive are the most pressing needs related to the use of computers in your
school? (N 3te: Presumably the interviewee knows that your orientation is toward instructional
uses of computers. However, you might find that the answer provided is oriented toward
administrative uses. If so, you might want to try this question again, but emphasinng
instructional uses.)

2 Please describe the role and duties of the computer coordinator or computer building
representative at your school. (If there is no such person, probe to fmd the name of the person
who tends to do the most in helping the school make instructional use of computers.)

3 Please describe some of the instructional uses of computers currently occurring at your school.
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4. What computer equipme....., available for use by students and teachers at your school? Where
and/or how is it situated?

5. What training has your staff had in the use of computers?

6. What training have you had? (Describe how you use computers to do your job.)

7. Does your school have a written set of long-range plans for instructional use of computers? (If
yes, can you provide me with a copy? What are some of its key goals?)

8. Does your school district have a written set of long-rat_ge plans for instructional ...Tise oi
computers? (If yes, can you briefly describe the plans?)

9. Are there other important things I should know about insmictional use of computers in your
school that would be helpful in designing and conducting inservice for your teachers?
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School Site Information Sheet

(Vote:It is often quite desirable to hold inservice sessi-ns in the schools of the participants. This
form is designed to aid in collection of information about the computer facilities available in a school
that might be available for iliservice sessions and/or that might be available to inservice participants
for their personal use and use with students.)

Site Contact Person

Which equipment is available?

When is equipment avail:kLie?

Where is equipment available?

What is the procedure for organizing or oh:dining equipment for use in the classroom?

What is the procedure for securing the lab?

What software is available?

How is it obtained?
i

Time schedule? (Obtain a copy of the school and its teachers' time schedule.)

I )
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CT3 Teacher Needs Assessment

Name:

School:

(This instrument is designed to be filled out by teachers who migh.. be interested in participating in a
computer inservice. One way to make use of this instrument :s to meet with the teacheis in a school
whol, we expressed some interest in an inservice. Discuss the natue of the ,..y--pcs of inservices that
might be possible. Answer their questions. Then have each pe ,n who might be interestf
participating in an inservice fill out the following form. Assure ule teachers that the results be
confidential.)

Instructions:
For numbers 1-5 beiow, please circle yes or no.

1. Have you requested that your school or department purchase any software
within the last year? YES NO

2. Have you used the school district's software preview center within the past 12 months?
YES NO

3. Dots the integration of the computer in education i.liange the priorities of what should be taught
in the curriculum?

YES NO

4. Do you plan to purchase a personal computer within the next 12 months?
YES NO

5. Do you have a computer in your home? YES NO
If you circled YES,

(a) What brand and model is it?

(b) How much is it used, and for what purposes?

(c) Do you bring it into the classroom? YES NO

Instructions:
For numbers 6-1," below, please write a brief answer.

6. List the subject areas in your curriculum where you think computer use is currently helping
your students.
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7. List the general types of computer applications you think are currently helpings your
students.

8. List the subject areas in your curriculum where you think computer use is Lurrently helping
you.

9, List the general types of computer applications you think arz currently helping you.

10 List the areas (not necessarily in your classroom) where you might likk. to use a computer if
you could gain appropriate training and access to facilities (ie., any kind of personal use,
recreation, database, gradebook, etc.).

11 List the names of the computer programs/packages (titles) you have ordered or requested to be
ordered for educational/school use in the last year.

12 List the names of the top five computer programs/packages (titles) that you use or have used
most frequently with your students.

13. (a) List the names of the top five computer programs/pac;.ages (titles) that you use in your role
as an educator or for personal use.

(b) Indicate the approximate number of computer programs/packages you use with yourclasses.

(c) Indicate the approx' ite number of computer programs/packages that you use for
personal use.

14. What kind of inservice or workshops would you like to see in the future? What charactenstics
and content would they have to have so that you would probably participate on a vr Aarybasis?
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Concerns Questionnaire

Name

Date

The purpose of this questionnaire is to determine the concerns people have abeat future
educational innovations. The items were developed from typical responses of school and
college educators who ranged from having no knowledge at all about various innovations to
many years experience in using them. Therefore, a number of the items may appear to be of
little relevance to you at this time. For the completely irrelevant items, please circle "0" on the
scale. Other items will represent those concerns you do have, in varying degrees of intensity,
and ,hould be marked higher on the scale, according to the explanation at the top of each of the
following pages.

For ,Ixample:

0 1 2
Not true of me now

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

3 4 5 6 7
Somewhat true of me now Very true of me now

This statement is very true of me at this time. (Circle the 7. A slightly
less strong response would be given by circling the 6.)

This statement is somewhat true of me now. (Circle the 4. A slightly
weaker response would be given by circling the 3 while a slightly
stronger response would be given by circling thc 5.)

This statement is not at all true of me at this time. (Circle the 1. A
slightly stronger response would be given by circling the 2.)

This statement ..xems irrelevant to me. (Circle the C.)

Please respond to the items in terms of your present concerns, or how you feel about your
involvement or potential involvement with integration of computers into instruction.We do not hold
to any one dtImition of this innovation, so please thinic of it in terms of your own perception of
what it involves. Becan: ., this questionnaire is used for a variety of innovations, the term computer
integration never appears. However, phrases such as "the innov4don," "This approach," and "the
new system" all refer to computer integration. Remember to respond to each item in terms of your
present concerns about your involvement or potential involvement with computer integration.

Thank you for taking time to complete this task.

Copyright, 1974
Procedures for Adopting Educational Innovations/CBAM Project
R&D Center for Teacher Education, The University of Texas at Austin
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0 1 2
Not true of me now

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 3 6 7

0 i 2 3 4 5 6 7

0 i 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

3 4 5 6 7
Somewhat true of me now Very true of me now

I am concerned about evaluating my impact on students.

I would like to revise the innovation's instructional approach.

I am completely occupied with other things.

I would like to modify our use of the innovation based on the
experiences of our students.

Although.I don't know about this innovation, I am concerned
about things in the area.

I would like to excite my students about their part in this
approach.

I am concerned about time spent working with nonacademic
problems related to this innovation.

I would like to know what the use of the innovation will
require in the immediate future.

I would like to coordinate my effort with others to maximize
the innovation's effects.

I would like to have more information on time and energy
commit _tilts required by this innovation.

I would like to know what other faculty are doing in this area.

At this time, I am not interested in learning about this
innovation.

I would like to determine how to supplement, enhance or
replace the innovation.

I would like to use feedback from sJudents to change the
program.

I would like to know how my role will change when I am
using the innovation.

Coordination of tasks and people is taking too much of my
time.

I would like to know how this innovation is better than what
we have now.

r', I

Coppight, 1974
Procedures for Adopting Educational Innovations/CBAM Project
R&D Center for Teacher Education, The University of Texas at Austin
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0 1 2 3 4 5 6 7
Not true of me now Somewhat true of me now Very true of me now

0 1 2 3 4 5 6 7 I am concerned about students' attitudes toward this
innovation.

0 1 2 3 4 5 6 7 I now know of some other approaches that might work better.

0 i 2 3 4 5 6 7 I doil't even know what the innovation is.

0 1 2 3 4 5 6 7 I am concerned about about not having enough time to organize
myself each day.

0 1 2 3 4 5 6 7 I would like to help other faculty in their use of the
innovation.

0 1 2 3 4 5 6 7 I have a very limited knowledge about the innovation.

0 1 2 3 4 5 6 7 I would like to know the effects of reorganization on my
professional status.

0 1 2 3 4 5 6 7 I am concealed about conflict between my intemsts and my
responsibilities.

0 1 2 3 4 5 6 7 I am concerned about revising my use of the innovation.

0 1 2 3 4 5 6 7 I would like to develop working relationships with both our
faculty and outside faculty using this innovation.

0 1 2 3 4 5 6 7 I am concerned about how the innovation affects students.

0 1 2 3 4 5 6 7 I am riot concerned about this innovation.

0 1 2 3 4 5 6 7 I would like to know who will make the decisions in the new
system.

0 1 2 3 4 5 6 7 I would like to discuss the possibility of using the innovation.

0 1 2 3 4 5 6 7 I would like to know what resources are available if we decide
to adopt this innovation.

0 1 2 3 4 5 6 7 I am concerned about my inability to manage all the
innovation requirements.

0 1 2 3 4 5 6 7 !would like to know how my teaching or administration is
supposed to change.

0 1 ',.. 3 4 5 6 7 I would like to familiarize other departments or persons with
the progress of this new approach.

Copyright, 1974
Procedures for Adopting Educational Innovations/CBAM Project
R&D Center for Teacher Education, The University of Texas at Austin
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Demographic Self-Description

PLEASE COMPLEM THE FOLLOWING:

1. Wl.at percent of your job is:

Teaching % Administration % Other (specify)

2. Do you work: full time part time

3. Female Male

4. Age: 20-29 30-39 40-49 50-59 60-69

5. Highest degree earned:

Associate Bachelor Masters Doctorate

6. Year degree earned: 7. Total years teaching

8. Number of years at present school:

9. In how may schcols have you held full-time appointments?

one_ two three four five or more

10. How long have you been involved in computer integration, not counting this year?

1 2 3 4 5 years
never year years years years or more

11. In your use of computer integration, do you consider yourself to be a:

nonuser novice intermediate old hand past user

12. Have you received formal training in computer integration (workshops, courses)?

yes no

13 Are you currently in the first or second year of use of some major innovation or program
other than computer integration?

yes no

If yes, please describe this program briefly.

Copyright, 1974
Procedures for Adopting Educational Innovations/CBAM Project
R&D Center f. r Teacher Education, The University of Texas at Austin

e
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Computer Attitudes Survey

Name:

School:

(Note: It is relatively common to administer an attitude scale before and after an inservice, and
perhaps a third firm for long term follow-up. This is done as part of the summative evaluation of an
irservice. As for all collections of evaluative information, participants should be reassured that the
information collected will be confidential and will not affect their grade in the inservice. Ideally, this
su:vey form would be administered, collected, and analyzed by someone other than the :nsrrvice
facilitator.)

Instructions:
Please ...ircle thP number that best describes your attitude. If you strongly agree with the statement
circle 1 for strongly agree. If you strongly disagree with the statement circle 5. Circle 3 if your
attitet toward the statement is neutral.

Stongly
Agree

S trongly
Disagree

1. Computers can improve learning of higher order skills. 1 2 3 4 5

2. Computers will improve education. 1 2 3 4 5

3. Computers can improve drill and practice. 1 2 3 4 5

4. Computers will create jobs needing specialized training. 1 2 3 4 5

5. Computers will improve health care. 1 2 3 i 5

6. A person today cannot escape the influence of computers. 1 2 3 4 5

7. Computers will displace teachers. 1 2 3 4 5

8. Computers will dehumanize society. 1 2 3 4 5

9. Computers car tach better than teachers. 1 2 3 4 5

10. Computers are beyond the understanding of the typical person. 1 2 3 4 5

11. Computers will replace low-skill jobs. 1 2 3 4 5

From Computer Attitudes Factor Structure in Cognitive and affective computer attitude scales. A validuy .siudy. by
S ti Bannon, J.C. Marshall, and S. Fluegal, 1985, Educational and Psychological Measurement, 679-681.

- -4
. i
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Sample Results from Computer Attitudes Survey

The Computer Attitudes Survey was administered to 28 participants at the beginning and end
of an eight-session inservice designed to teach tool use of computers in the curriculum. The table
below gives the means of their responses. The last column gives the results of a 2-tail we- and
indicates a significant change only on the first item.

Item
Number

Beginning
Mein

Ending
Mean

2-tail t-test
P

1. 1.786 1.250 .026

2. 1.857 1.929 .731

3. 1.571 1.714 .355

4. 1.407 1.500 .490

5. 2.036 1.857 .408

6. 1.357 1.429 .691

7. 4.571 4.750 .259

8. 4.179 4.250 .646

9. 4.500 4.643 .460

10. 4.357 4.714 .096

11. 3.321 3.500 .456

Cl3 Notebook i.2 Evaluation Forms Page 1 2



Ease of Use Attitude Survey

Nam,:

School:

(Note. This attitude survey form could be administered concurrently with the Computer Attitudes
Survey. For many teachers, their attitude toward ease of availability and aPcesa of computer
software and hardware may be a major determining factor in whether they make instructional use of
computers for themselves and their students.)

Instructions:
The following activities relate to the ease of using computers and software in your curriculum and
classroom. For numbers i-7, please circle the number that best describes your attitude towards
each activity. The scale runs from 1 (Very Difficult) to 5 (Very Easy).

1. Obtaining a computer and
monitor for use in my class is

2. Obtaining the p.)per software is

3. Scheduling the use of the
computer lab for my class is

4. Obtaining time for setting up
the computer in my class is

5. Obtaining time for learning how
to use and review new software is

6. Obtaining time for using the
computer within the present
curriculum is

7. Using a computer and software
in my class is

Vcry

Easy

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1
a 2 3

8. The number of machines available for

9. The number of teachers who share the

Very

Difficult

4 5

4 5

4 5

4 5

4 5

4 5

4 5

use in my classroom is

available machines is

Cl3 Notebook 5.2 Evaluation Forms Page 1 3



Vticipant Log Sheet

(Note: Participants were requested to keep a daily log of theii computer use and 'elated activit...s
during the weeks of the inservice sessions. These were turned in each week and provided the
inservice facilitator with valuable, formative evaluation informatioa.)

Name Date

Please use this form to record all of your computer-related activities, both at schorsi and at
home, during the week. This log sheet is not used for grading purposes. Its purpose is to provide
formative evaluation information to the inservice facilitator.

Monday

Tuesday

..

Wednesday

Thursday

Friday

Weekend

Use back of sheet for notes, additional comments, Ind questions you would liketo ask the inservice facilitator.

Cl3 Notebook , 5.2 Evaluation Forms Page 1 4



Social Studies Inservice Evaluation Form

(Note: A formath z. evaluation form of this sort can be used in almost any inservice directed
toward helping participants learn to make increased and appropriate instructional use of computers
in their classrooms. The sample form provided here was designed for use in an inservice for
secondary-school social studies teachers. With slight modification it can be used in a math,
science, elementary school, etc. inservice. Participants should be assured that their answers will
be kept confidential and will have no bearing on their grade in the inservice, if grades or other
requirements have been established for satisfactory completion of the inservice. It is desirable that
this form be administered and compiled by someone other than the inservice facilitator. The
inservice facilitator should only receive surrL.ar, statistical data and participant commen.s that
cannot be associated with specific participants. Note also that the same form could be used several
times during an inservice that extended over a number of sessions.)

Name:

School:

We are interested in your overall evaluation of this workshop. For numbers 1 - 34, please circle the
number that best describes your attitude. If you agree with the statement, circle 5 for agree. If you
disagree with the stazement, circle 1. Circle 3 if your attitude toward the statement is neutral.

1. I feel more competent with computers than I
did at the start of this workshop.

2. My students have increased their classroom use
of computers as a result of this workshop.

3. Lack of student access to computers is the greatest
block to my integrating computers into the
curriculum.

4. I feel competent integrating the software programs
and activities demonstrated in the workshop into my
teaching.

5. I have sought out and located software
programs not demonstrated in the workshop
and integrated them into my curriculum.

6. I have been able to interest oti'er teachers
in what we have been doing in these workshops.

7. Too much information was presented during the
sessions to absorb comfortably.

8. I would like to see the workshop demonstrate
software programs and activities more directly
related to my content are;

Disagree Agree

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 A 5

1 2 3 4 5

CI3 Notebook 5.2 Evaluation Forms Page 1 5



9. Time should be spent exploring practical
problems like getting students to the computers.

10. As a result of this workshop I will increase my
instructional use of computers with my students.

11. The contents of the participant notebook and handouts
will be useful in planning and developing computer
related activities for my classes.

12. I have started collecting computer software disks.

13. This workshop has lived up to my expectations.

14. I have learned a great deal about computers
from other participants in the workshop.

15. More time should have been set aside for participants
to explore the software programs and materials
demonstrated during the workshop.

16. The written materials clearly explain how to move
through the programs.

17. The progress of the workshop is slower than
I would have liked.

18. The information presented in the sessions is
relevant to my classroom.

19. I would recommend this workshop to other
teachers.

20. I am not convinced that computers will
increase student achievement in my content
area.

21. I now talk more to other teachers about computers
than I did at the start of the workshop.

22. Money for computers should be shifted from
other areas of the school budget.

23. The instructors should have spent more time
demonstrating a greater variety of software.

24. The greatest block to my using computers in
tit'', classroom is my philosophical disagreement
with their worth in my content area.

25. The progress of the workshop is faster than I
would have liked.

Disagee Agree

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5
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26. Lack of teacher access to computers is the greatest
block to my using computers.

27. I would like a workshop leader to ccrrv. :nto my
classroom arid demonstrate a lesson using the computer
as an instructional tool.

28. I feel more comfortable using computers with my
students than I did at the start of the workshop.

29. I am willing to have someone come into my classroom
and observe me using computers with my students.

30. I am more inclined to let students use computers
to develop an understanding of concepts and ideas than I
was at the start of the workshop.

31. I would have liked time during the workshop to
modify and/or develop computer activities for use in
my classroom.

32. I would prefer that all workshop participants be
teaching the same courses and grade levels.

33. I found it easy to get access to computer
hardware and software between sessions to try out
ideas we learned in the workzhop.

34. I would be more likely to use computers if there
was a computer re,seurce person I could consult
with at my school.

Disagree Agree

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

I 2 3 4 5

2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

For questions 35 40, please circle yes if you ag,e with the statement and no if you disagree with
the statement.

35. I have spent more time watching others use the
computers in the workshop than I have spent in
using them myself.

36. The goal of this workshop should be developing
teacher skills in the practical use of the computer.

37. I felt pressure to attend this workshop from other
sources.

38. I would rather spend more time with the computers
and less time concerning ourselves with issues
such as other resources in the school.

Yes No

Yes No

Yes No

Yes No

i 3
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39. The goal of this workshop should be developing an
understanding of how to integrate computers into my
content area. Yes No

40. I have increased my understanding of how to use computers
as a problem solving tool as 1,. result of this workshop. Yes No

For numbers 41 48, please circle the number eie t:/i.- at describes your attitude toward each of the
software programs listed. If you think the program was excellent, circle 5 for excellent. If you think
the program was poor, circle 1. Circle 3 ifyour attitude toward the program is neutral. Please do
not refer to your handouts or notebook; we are interested in how you remember these software
programs.

Poor Excellent

41. United States Database
1 2 3 4 5

42. North American Database
1 2 3 4 5

43. President Elect
1 2 3 4 5

44. The Other Side
1 2 3 4 5

45. U.S. History
1 2 3 4 5

46. Easy Graph
1 2 3 4 5

47. MECC Graph
1 2 3 4 5

48. Bank Street File
1 2 3 4 5

Please write brief answers to the following questions.

1. Has the workshop been relevant to your needs?

2. Has the workshop been organized in a v,ay that facilitated learning? If riot, how can weimprove it:

3. Please write a sh3rt description (two or three sentences) of what you perceive as the purpose .fthe workshop.
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4. Identify the most positive aspect(s) of the workshop.

5. Please describe two or three ideas denioustrated during the workshop tl..a are directly
applicable to your classes.

6. What can we do to improve this workshop and others like it?

7. Please feel free to make any general comments about the inservice.

P 5
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5.3
LONG TERM FOLLOWUP EVALUATION

As indicated in Seztion 5.1, relatively few inttrvice projects conduct meaningful long-term
fcllowup evaluation to determine possible effects of the inservice. The NSF project conducted guile
a bit of long-term followup evaluation. Most of this reseuch was conducted by two graduate
students who wei employed by the project and conducted the evaluations as part of their Ph.D.
dissertation research. The references to their Ph.D. dissertations are given b.3low. Each of these
dissertations is available for $2() from the International Sociey for Technolgoy in Education, 1787
Agate Street, Eugene, Oregon 97403-9905.

Hanfling, S. S. (1986). A formative evaluation of elementary and secondary staff deveiopmtnt
inservices on integrating computer innovations into the curricuLon. Doctoral Dissertation,
University of Oregon.

Johnson, V. P. (1988). An exploratory case study describing the long-term residual effect
of the computer-integrated instruction inservice (CI3 project). Doctoral Dissertation,
University of Oregon.

The following pages contain some of the instrumentaion.that was used in the long-term
evaluation ' !uch more detail is provided in the Ph.D. dissertations. Readers interested in the details
of such lot g term evaluation are well advised to begin by reading Vivian Johnson's dissertation.

Title Page

CI3 Inservice Participant Focused Interview (Long Form) 2
CI3 Inservice Participant Focused Interview (Short Form) 7
CI3 Project Long-Term Assessment 9
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CI3 Inservice Participant Focused Interview
(Long Form)

Site: Date:

Subject: Researcher

Introduction

Purpose This interview is part of the CI3 inservice follow-up. The interview is a
major source of data to help us determine the residual effect of the inservice
you completed.

Topics to be Interview questions will briefly cover the following topics: ,ar
covered xaching expe.ience, your experience with computers, features of the

inservice, yry....v attitude and expectations about using computers in
educatie:t, and how completing the inservice affected you. If there is time
available at the end of the interview, please feel free to go back and provide
n .ore detail on specific questions.

Ethics I would like to tape record this interview only for the purpose of validating
the accuracy of my questions. The taped interview will be heard by only
myself and (list and other names and explain why they may also listen to the
recording). Your name will never be mentioned, no, will any particular
response be connected to you. In addition, you may turn the tape recorded
off at any tinr

Concerns of
respondent

AO

Do you have any questions or concerns before I begin?

1' 7

Cl3 Notebook 5.3 Long Term Evaluation Page2



Experience

Teaching0
Computers

0

Inservice
Features

(Time allocation five minutes)

How long have you been teaching (brief)?

Briefly describe your experience with computers.

If experienced, what brands of computers do you feel comfortable using?

Apple IBM

Atari Radio Shack

Commodore (PET) Commodore ..-64

Macintosh Other (Note Brand)

(Tin ; Allocation five-seven minutes)

Content What did you perceive as the subject of the inservice you completed?

Positive
features

What were the features that made the inservice
work best for you? Examples?

(As a backup, show list of inservice features and ask: Do you remember
any of these features?)

Limitations What features of the inservi.7e limited its success?

(As a backup, show list of features and ask: Others say these features are
the most important, what would you add or delete? Did your inservice
have these?)

r z.3
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Changes over
time

Would your answers have been different just after
you fmished the inservice?

Attitudes (Time allocation ten minutes)
and Expectations

Computers What do you think we should be doing with
in education computers in education?

Probe to elicit teacher' perceptions of the appropriate use of computers
for enrichment, remediation, and regular instruction.

If time permits suggest teachers describe some specific examples of
appropriate uses.

C13 Notebook 5.3 Long Term Eva!uation Page4



Teaching What would you like to be doing with computers in your own classroom?

Effect on
students

Reason for
inservice

Anticipated
Outcomes

What effect will classroom use of computers have
on your students?

How will they respond? What will they learn?

Why did you sign up for the inservice?
Was it voluntary ? yes no

What did you hope to learn? What did you hope
to be able to do?

Outcomes (Time allocation 15 minutes)

Expectations Did you learn what you hoped to learn?
Why? Why not?

Knowledge
and Skills

Describe what you learned? What facts and skills?

Teaching Did the inservice affect the way you teach? Either
how you teach or what you teach?

Students Name the computcr applications thLt you feel ale the most beneficial to
your students?
(Pro . *de only word processing as an exampl, of a computer application.)

Cl3 Notebook 5.3 Long Term Evaluation Page5



Have you seen changes in your students since using computers in the
class?
(Possible examples: student's attitude toward school, toward learning,
toward subject matter.)

Plans What do you plan to be doing with computers in the future?

Problems What factors influence your choice to use or not use computers in your
classroom?

Changes
in inservice

Final
Instructions

(If participants have difficulty answering this questionssuggest they
think about the following: access to computers, time issues, support from
school administration, etc.

What problems have you had trying to use computers that the inservice
did not prepare you to solve?

How would you change the inservice?
(Omit if time becomes a problem)

We are at the end of the interview, is there anything else you would like to
mention or a question you wish to go back to?

Please thank the individual for their time and input and tell
them they have been very helpful.

1.-

../
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CI3 Inservice Participant Focused Interview
(Short Form)

Name:

School:

Date:

Instructions:

Instruc he participant to answer the follo wing questions as briefly as possible. (Note: Use the
same confidentiality discussion as is givdn with the Long Form.)

1. Describe the purpose of the CI3 computer workshop.

2. State why you participated in the CI3 computer workshop.

3. List three changes, in you as an individual or teacher, that can be attributed to your
participation in the CI3 sessions.

a)

b)

c)

CI3 Notebook 5.3 Long Term Evaluation Page7



4. Identify t:ie three most important experiences that occurred during the training.

a)

b)

c)

5. List the su 'ect areas, identified in the training, where computer use benefits your
students.

6 List the computer applicatioiti, identified in training, that benefit your students.

7 List the subject areas, discuFsed in training, where you think computer use benefits you.

8. List the computer applications, utilized in training, that benefit you.

9. Do you feel you know enough about con.puters to make effective use of
them in your teaching?

10. How has the non-computer content of what you teach been affected by your increasing
computer knowledge?

Ci3 Notebook 5.3 Long Term Evaluation Page8



CP Project Long Term Assessment

Name:

School:

Instructions for Part 1:
For numbers 1-9 below, please circle yes or no.

1. Do you still have, use, or reference the computer workshop handouts/materials?
YES NO

2. Prior to the computer workshop, was there an in-school computer interest or support group at
your school?

YES NO

3. Following the completion of the workshops, has a computer interest or support group been
formed?

YES NO

4. Have you requested that your school or dept Ament purchase any software within the last
year?

YES NO

5. Do you use the school district's software preview center?
YES NO

6. Do you have a nputer in your itome?
YES NO

If you circled YES,

(a) What brand and model is it?

(b) Do you bring it into the classroom?
YES NO

7. Do you plan to purchase a personal computer within the next 12 months?
YES NO

8. Does the integration of the computer in education Lhange the priorities of what should be
taught in the curriculum?

YES NO

-.
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9. Do you feel that you know enough about computers to make effective use of them in your
teaching?

YES NO

10. (a) List the names of the top five computer programs/packages that you use either in your
role as an educator or for personal use.

(h) Indicate the approximate number of computer programs/packages you use with yourclasses.

(c) Indicate the approximate number of computer programs/packages that are for y,arpersonal use.

11. List the names of the top five computer programs/packages (titles) that you use or have used
most r ..quently with your students.
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Instructions for Part 2:
Please answer each of the following questions with a checkmark (V) .

I. Before the inservice sessions, how involved were you in :I :grating
computers into your curriculum?

none slightly somewhat very

2. Since the inservice training, have you increased your involvement in
the integration of computers into the curricalum?

none slightly moderately much

3. Before the training, were you part of a local computer support goup?

Yes No

4. Since the training, have you been involved in starting a local computer
support group or become a member of one?

Yes No

5. Since the inservice sessions, have you increased you communications
with others about integrating computers into the curriculum?

Yes No

If you checked "yes" to question number 5, please indicate the approximate num;)er of peop:e
you have communicated with in each of the following categories:

Approximate
Number of People Categories

Shared information with people unaware of how to
integrate computers into the curriculum.

Exchanged information with people already involved
with integrating computers into the curriculum.

Contacted other inservice session participants.

6. Have you used any of the materials you received at the inservice
sessions?

Yes No

If you checked "yes," how useful did you generally find the materials to
be? Please check one.

Useless Hardly useful Somewhat useful Very useful

7. Do you think the type of training yon re:eived helps to promote computer
integration into the curriculum?

Yes No

7- 6
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Read Me First

This, foider contains Mac Draw II files for several instruments that are useLd in gathering
evaluation data from students and teachers. Vivian Johnson developf:d these instruments for
use in her Ph.D. dissertation work.

77
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C mputer Uses for Teachers
Please fill ou, a following chart to indicate where you use a computer
and for what reasons. For each computer application listed on the left:
1) List the number of days per month at each location.
2) 7ut an "X" under "Personal Use" it you use a computer for any of the

application listed for ron-school activities.
3) Check (4) each type of curriculum development use for every

application used in the classroom.

Types of
Software
For Instructional
Use

Database Manager
(with Mail Merge)

Gradebook Program

Nord Processing

Spreadsheet

Classroom Materials
(Overheads
Worksheet Generator
Handouts)

Attendanc
Recordkeeping

Telecomminications

EntertainmeM

Location
Days/Months

Instructional
Objective
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Computer Uses with Students
Please fill out the following chart. For each computer application listed on the left,
fill in tho folic Ning:
1) Estimate the number of days per month you use the computer for each application

listed (do not count the number of times used per day).
2) Place an "X" under the heading that indicates how students use the computers.
3) Place an "X" under the heading that indicates how you use the computer in each case.

Note: See example below.

Computer
Applications

Example: Programming 3 8
s .

Location
days/month

How Student's
Use Computer How You Use Computer

In the above example, the respondent noted. three days per month of programming in the room and eight days per
month in the computer lab. Student's use was individually and as .a whole class.
The instructional ojectives were to. explain a concept, reinforce a concep , demonstration and for extra credit.

Programing (logo)

Drill-and-Prac"' .x3
ITutorial
Simulation
Educafional Game

U

1

Student
Word Processor
(Story Writing)

Database

Spreadsheet

Graphing Packages

Computer Art
(Koala Pad)

Computer Literacy
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AppleWorks for Educators
A Beginning and Intermediate
Workbook hits ISTE's best-seller list.

Over 20,000
copies sold! \

There's a good reason Linda
Rathje's AppleWors for
EducatorsA Beginning and
Intermediate Workbook sells so
well. It works.

Word pi ocessing, database
and spreadsheet management,
and printer options are detailed
step-by-step. Both novice and experienced AppleWorks

users benefit from the depth and strength of the maLerial.

AppleWorks for EducatorsA Beginning and
Intermediate Workbook has been revised to include a mail

merge section, expanded integration activities, glossary,

and up-to-date articles from The Computing Teacher.
Move AppleWorks for EducatorsA Beginning and

Intermediate Vybrkkok to the top of your reading list.

ISTE, University of Oregon, 1787 Agate St., Eugene, OR 97403-990.5

503/346-4414
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[Ilisic one year membership includes
eight issues each of the Update

newsletter and The Computing
Teacher, full voting privileges, and a
10% d.count off ISTE bonksand

courseware.

1

tJ

Professional one year membership
includes eight issues each of
theUpdate newsletter and The
Computing Teacher, four issues of the

Journal of Research on Computing in

Education, full voting privileges, and

a 10% discount off Iqi books and
courseware.

The International Society for Technology in Educati

touches all corners of the world. AS the largest

international non-profit professional. organization.

serving computer using educaturs, we are dedicated to

the improvement of education through the use and

integration of technology

Drawing from the resources of committed professionals worldwide, ISTE

provides information that is always up-to-date, compelling, and relevant to

your educational responsibilities.

Periodicals, books and courseware, Special Interest Groups, Independent Study

courses,professional committees, and the Private Sector Council all striveto.

help enhance the quality of information you receive.

Rely on ISTE support

The Computing Teacher draws on active and creative K-12 educators to

provide feature an...:les and carefully selected columns.

The Update newsletter reaches members with information on the activities

of ISTE and its affiliates.

The journal of Research on Computing in Education comes out with articleW

on original research project descriptions and evaluations, the state of the

art, and theoretical essays that define and extend the field of educational

computing.

Books and courseware enhance teaching materials for K-12 and higher

education.

Professional Committees develop and monitor poiicy statements on

software use, ethics, preview centers, and legislative action.

The Private Sector Council promotes cooperation between educational

technology professionals, manufacturers, publishers, and other private

sector organizations.

It's a big world, but with the joint efforts ofeducators like yourse ISTE

brings it closer. Be a part of the international sharing of education,. I idt.as and

technology. Join ISTE.

Join today, and discover how ISTE puts you in t-uch with the world.

ISTE, University of Oregon,
1787 Agate St., Eugene, OR 97403-9905.

ph. 503/346-4414
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Appendix 16

END

U.S. Dept. of Education

Office of Education
Research and

Improvement (OERI)

ERIC

Date Filmed

March 29, 1991


